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PLACE AXD PERSONAL NAMES OF THE GOSIUTE 
INDIANS OF UTAH. 

Bv RALPH V. CHAMBERLIN. 

{Rtad Janaory j, 

The Gosiute Indians of Utah have for many years been peace¬ 
fully settled iti two main colonies in Tooele County, one in Skull 
Valley and the other near Ibapa in the Deep Creek Valley. While 
tlic Skull Valley and the Deep Creek bands were parts of one tribe 
and had almost continual intercourse, their separation was sufficient 
to permit certain slight dialectic differences in language to arise, as 
the writer has elsewhere pointed out,' They are at present without 
any definite tribal organization and so reduced in numbers as to 
represent a mere remnant of the former trib|. That the dwindling 
in their numbers during the last half century has been excessive 
appears evident from the figures given in various early reports and 
tlie information obtained from the first ivluie settlers of the region; 
and at the present time, in the two bands there are under two hun¬ 
dred souls, of whom, furthermore, a considerable number have been 
taken in from other tribes through marriage or otherwise, Tlie old 
men weep at the doom of extinction which they believe plainly to 

sec ahead of their people. 

• ‘“Animal Names and AnatomEcal Terms of the Cosiute Indians,” Pro£. 
Afitd^ Sfi. Phil., 1908, p. 73 - 

raoc. AMKK. run- mc., hi. aoS'9. t9»J 






2 CHAMQERLIN-PLACE AN*D PERSONAL NAMES 3, 

The Gosiute at present are essentially self supporting. They 
engage in agriculture, raising especially oats, w lieat and li ay w itli 
some garden truck. The land, until %*ery recently, was divided up 
and worked by the individuals or families separately; but in the 
Skull Valley colony it is now worked in common under the direction 
of a superintendent appointed a short time ago by the Government. 
A school has also been established among them. Especially during 
the having season, the men hire out as hands on the neighboring 
ranches. Occasionally they take contracts for getting out timber 
from the mountains for fence posts, fuel or other purposes. 

Much of what was distinctive of tlie original Gosiute is fast pass¬ 
ing away and In a few years will be forever beyond reach of the 
investigator. This fact becomes well impressed upon the mind of 
the person who has occasion in his inquiries to contrast the knowl¬ 
edge and point of view of the old men and women with that of the 
members of younger generations whose memories do not run back 
to the time before white dominance in the region and the new mode 
of life conset|uent upon it. 


Place Names. 

The territory formerly claimed by the Gosiute is arid and deso¬ 
late, only a small portion of it even toilay having been reclaimed by 
irrigation. It was because of this generally desert character of the 
region that the name Gosiute came to be applied to the tribe, the 
—in its etymologically more correct form Kiitsil^uat or 
CiitsXptutsi, whence Cojim fit—meaning literally “desert people."* 

’ Kuififi, pritnarilj' ashes anti secondarily parcliwl or desert earth, -I- cufsi, 
people (-Ml + nominal ending iri), Tiie Gosiute speak ol [hemscives 
simply as fjm, ordinarily without special ending, the n here being probably 
ihe pronominal indicative e-f the first perE^n. They aUo use with a 

similar farce; but this word seems often now to be applied for Indian in 
KEneral as contrasted with other raees. 

It uuy be mentioaed here also, that the usual explanation of the name 
Paiule as meaning “ Water Lte" (pa. water) is prohably erroneous. There 
is a weli-defiited tradition among the Shoshone of a time when they formed 
one people with the Ute, Paiate and other hasiii tribes and bands. The 
explanation given the author is that at the lime of the breaking up, one band 
that went off to the South was very large and hence was given the name of 
Big Peoplen'' Fill whrnce Pawte- 
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As a consequeocc of this sparstly settled condition of the country 
recognized English names have been applied to but few of its varied 
parts and features. Furthermore, the regton lias not been completely 
snn'eyed and no map Uiat is not manifestly inacenrate in details, so 
far as such are represented^ as yet seems to exist. Hence Uiere 
appear two difficulties in the way of presenting a thorough account 
of the ethnogeography of the Gosiute; firstly, an account with Eng¬ 
lish equivalents of place names must necessarily be much restricted 
by reason of the limited number having such equivalents, and, sec¬ 
ondly, the indication of places, etc., by means of map is not possible 
in the absence of survey and detailed map of the region involved_ 
These difficulties have discouraged the writer from a plan to prepare 
an exhaustive account with maps showing trails, important camping 
points and other places and features formerly of significance and 
interest to this people. 

It will be seen that in the place names listed below certain words 
recur frequently in combination. When one considers the character 
of the country and climate and the consequent preciousness of water^ 
one will readily understand why in the majority of these names there 
IS in combination some such ivord as water^ spring or creek. These 
and some other words common in the names with their meanings 
are as follows. 

1, [r^ (i'fl), meaning water. 

Examples: ''Clay water,"' Ibapa. 

So^ni-ba^ "Gras5 water,"' St. Johns. 

2. o*ga), meaning river, stream or creek. 

Examples; "Big River,” Jordan River. 

"Cottonwood CreekJ' 
City Creekp Salt Lake Co. 

3, pa'rai-kJfi, meaning spring. This word is composed of water, 

and nta roC khi^ to arise or ascend. 

Example: "Fire spring/^ a spring in 

Skull X^alley. 

4. pa*rl~isi^ pn'rl-tsi-up pa^fsup)^ also meaning spring. 

Ttie word is composed of referring to water (adjec¬ 

tive form), j^Ji, meaning secondarily to squeeze or ooze out 
from, etc., and in the ful] form, nominal ending. 
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Examples: ** Big Spring Water,’* Big 

Springs in Skull Valley. 

Paffgu-i-bo-dsup, " Fish Springs ” Spring Creek, 

5. meaning, apparently secondarily, stream or torrent 
(bars^n, to swell. Cf. also ba?g^% blood vessel). 

Examples; Ait^tJ-boi-g^dtCf ** Spruce stream, NIuddy Creek, 
Pra-*ai-j?n.'T-a “Big Stream,” Big Cottonwood 
Creek or Canyon, 

6. pi^ga~ra, bc^ga-ra, meaning lake or sheet of water. 

Example: Pw'/iii-i-Bfl-ffo-ra, Hot Spring Lake. 

7. 0*310-pi, meaning hollow or gulch, mud-flat, etc. 

Examples: T^'a-pa-o-»it-pi, “ Dry Gulch or Canyon/' a gulch 

east of the Indian ranch in Skull Valley. 

"Paint gulch or canyon,” Merciir. 

8. so'kup, meaning earth. 

Example: An’ka^so-k\tp, "Red earth/’ Parleys Canyon. 

9. to!ya~bi (roi'yfl-ti), meaning mountain. 

Examples: Pi'-a-roi-yn-i'i, “Big mountains,” Deep Creek 
Mountains. 

Pif'f-^fl'J-vn-6'J, Pi'o-roi-jNi-frf. " Duck Mountains,” 
Goose Valley Mountains. 

10. go*H, mountain range, mountain. 

Examples: O'ga-ri, " Wood Range,” Oqnirrh Mountains. 

Yin'Ail-ga-ri. Porcupine Mountains, 
ji. hna. n<t. a suffix added to words to signify a camping place or 
settlement. Tlie root Pin means primarily to grow up, to 
rear (cf. the reduplication ma na'iitiQ, to rear, 

to raise, to bring np). 

Examples: ro'o-/p)Pfl, To'a-na, " Pipe Camp,” Toana Springs. 

P(Y«-h»a, "Sea-gull camp or breeding plaw,” 
Bird Island on Great Salt Lake, where the sea¬ 
gulls nest in great numbers. 

In addition -A). W, nid Is or tsi as common nominal suffixes 
the meanings of which the author has elsewhere explained, may be 
noted. 

In names compounded of two nouns i» or 11 is frequently added 
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to the first, which pcjskion the one having the attributive relation 
always occupies-* 

TJie alphabet of the America Bureau of Ethnology is used in 
the spelling of all Gosiute words in the present paper. 

AVba-pa. See Ai'bitii^pa^ the preferable forrOp 
Afblm-pOr Deep Creek, Tooele Co. 

The word is formed from clay^ + wr* adjectival endingp 
+ pQ, water. 

Tlie town Ibapa in the Deep Creek Valley takes its name 
from lliis word. 

Ai^bim-pa-kii^tia-guni. Garfield^ Tooele Co. 

From ai^blm-pa, day water^ + in reference to 

the smelters located at this place fire, + jHwt}* 

Ai^bi-ici Payson, Utah County. 

APbl-to-o-fffi-pi. Pole CanyoRp Tooele Co* (Deep Creek region). 
Ail'da-pa. Burnt Spring. Skull V^'alley. Tooele Co. 

Ari'ga-bai-gii^c. Muddy Creek. Deep Creek district, Tooele Co. 

Aft*go-bi, spruce, -hfrfff (prok), signifying abundancCp 
abounding in, + stream. 

Affgo-ga-ru Portion of Stansbnry’ Rajige of iloontains. Tooele COp 
F rom atTgo-bi, spruce, +£Fa"ri, mountain range. 
Aft*ko~plAci. Hot Sulphur Springs. 

From diVka-bli, r^Ay + bVki, milk or sometimes other liquids, 
here applied to the colored water of the springs (cL the next 
word), 

AiVka-bMUtt-ba. Same place as preceding. 

From red^ +Tiir-|- water. 

Aii^ka-h{^-nup. Echo- 

red, + o*iif$-p{, hi/ttup, hollow, etc. 

AtVka~s&-kup. Parley*s Canyon, Salt Lake Co. 

From biVka-bii^ red, + earth, a name given in refer¬ 

ence to the red color of rocks and soil of the mountains at the 
mouth of this canyon. 

■ See for further of word fontiaticni in ihc Gosiute language the 

author's ** EthuenBotany of the Gosiute ludiaus.” A/fmflirj of the ArneAcm 
Anihropoh^icai Asiodaiwn, Vol. H., Pt, 5 , p. 353 et seq. 
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An'ka-ti-batt-o-gwu-pi. Thoms Creek, Deep Creek dislricl, Tooele 

Co* . L 

From aS'ka-bJt. red, + (proh.) U^ba, pinenut, out pme. + « 

o'gnni'pi{</gu-{>i ). 

An'ka-'svi^. Dugway, Tooele Co. 

From an'frfl-6Tf, red, + rW'o, trail, way, road, Cf, 
rsaw'ffo-loi-Vfli which b sytionymotis or apparently almost so. 

An'ko-gu’o, Ani/o-go. Evanston, Wyoming, 

AtVka-bU, red, + o'lftt'a, river. 

A^p(t~ya-v.'i~up. Name for extreme southern portion of Oquirrh 
Mountains or west slope of same* The name is given to d»is 
section as the scene of a very disastrous and long drawn out 
conflict between the Gosiute and another Indian tribe, which 
one the author has been unable to make wholly certain. The 
name means in effect “ Place of the weeping or wailing of an¬ 
cestors," the caves in the neighborhood being supposed to be 
haunted by the shades of those who met deatii here* Cf. /'d/fi- 
pa-ytKvi-vp, the same place but not the usual designation or the 
more correct, as rdjtip properly refers to the very first members 
of the human race when used in this sense, while id pa refers 
more generally to less remote ancestors. 

A'o-ffv-’a. Butterfield Creek, Salt I^akc Co. 

From composition the name would seem to mean “Horn 
Creek " but a may here be representative of some other word 
not recognized. 

A'rhn-pi. Dngway Mountains. 

Bdcup-ii~nii‘pi, Mcrcur. 

“ Paint Hollow " is the meaning of this name, the Gosiute 
fonnerly having obtained one of their face paints in this region. 

TdiJ-pa, Vdfi-pa. One of the streams north of Ogden. Probably 
“Coyote Creek or water." 

l'd}u-pa-ya-^d-up> Same as a'pa~\a<vi‘ttp, which see, 

Sandy, Salt T^ke Co, 

Ko'm, perhaps representing ka'na-gtia-tta, CEnothers or 
evening primrose, fa'bo-nu-pi, mud flat or hollow w*here 
water gatliers; thus “ primrose flat." 

KVbf-ra-ga-ri. Snow- Mountain. 


fffUO 


OF THE GOSIUTE INDIANS OF L'TAH. 


7 


high, 4-jaVf, niountaiti, 

Ku'i-o-ffZiVt Kt^t-o-ga^ Kv.’i'o-gtva, Bear River. Also occasional for 
Evanston, Wyoming (see .^tiVio-sa'd). 

From tu'i, a plant, o'gwa, river. 

A'H'i(T‘Sri-/m’roi-i!frtt. Small spring and creek north of Indian ranch 
in Skull Valley, Tooele Co, 

From ku'tiUgit pertaining to fire (^h«, fire), pa^roi-km, 
spring, 

K'tvi'filft-gar^ni. Eagle Mountain, Idaho. 

From jhii'ni, g'sA'ni, eagle, ii + par'di, house, So called 
because many eagles formerly nested on the mountain. 

M0'kt>^ga-ri. Granite Mountain, 

Mo'ko<nottt~bJtc. Fremont Island, Great Salt Lake, ^fo^ll'b^tc, owl. 

Red Butte Canyon. 

The name refers to an occurrence after a battle, tlie hands 
of certain captives having been cut off and hung up at the mouth 
of this canyon seemingly as a warning against trespass. 

Vijrffl-HJi'O-pu-pi. Willow Creek, Tooele Co. (near Grantsville). 

Na*n0'tL-htt-a-ho-nAp, Birch Creek, Deep Creek district, Tooele Co. 

P,^a'na~tL<ltit, ascending, high, + o'»u-pi, gorge. 

O'o-d'I-fJlwi. A mountain in Skull Valley region; occasionally ap¬ 
plied to the one more usually tenned To'go-a, but probably 
through error. 

0*a-pi, Dutch Mountain, Tooele Co. (Deep Creek district), 

O'a-ta-kiin-ba. Drum Mountain, Tooele Co, 

Possibly, judging alone from composition, from i/a-bit, yel- 
+ffl'Ao, snow, +dt + /'fl, water (or possibly in its other 
significance, lop): hence “ yellow' snow water" or “ yellow 
snow top.” 

O'gu-p0, North Spring, Skull Valley, Tooele Co,; also Barlow' 
Creek in same place. 

0'fin-^f-/o-o-j7K-^i. Boxeldcr Creek, Tooele Valley, Tooele Co. 

Trout Creek, Tooele Co. 

Otn'bi. Pilot Peak Mountain, Tooele Co. (Deep Creek district). 

O'lia-friV Noplii, 

The word means simply sat^ which was ■formerly obtained 
at this place. 
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On'ifii’itc-a-iinliit Red Biitte llountam, Tooele Co. (Deep Creek 
District). 

O'o-ga. Ogden; Weber River; Weber Co, 

From o*pi, wood, and o'ff’n’a, river, 

Po ti'lu-tsO'-gd, W ood s Cross, Oavi$ Co. ** Spring}' or swampv 
ground." 

Pa'ga~dJt^ PQ'go-di-da-ina. Utaii Lake, Utah Co. Also sometimes 
applied to Bear Lake. 

Pa'o-no-pi. Skull Valley, Tooele Co. 

The word means " water flat or hollow ” and is applied to 
Skull Valley specifically because of the large play a occupying 
its center and covered during the wet season with a shallow 
sheet of water. The word is, however, also used in general for 
any such playa, 

Pa^oni~bo-djJp. ifuskrat Springs, Skull Valley, Tooele Co. " Musk- 
rat Spring/* 

PaFi'gti’i-pa-dsup. Spring Creek, Tooele Co. (Deep Creek region). 

From fish, + pa'dsup, spring; “Fish springs." 

P<fUlti~ga~ri, Jimson’s Spring Mountain, Tooele Co. (Deep Creek 
district). 

Apparently meaning "Spring Mountain”; from paUst up, 
spring, -|- H, possessive, mountain. 

Lehi, Utah Co. 

" Wet ground." 

Pfl»r^*i-o-(7rc-o. .American Fork; American Fork Canyon Creek, 
Utah Co, 

"Fish Creek"; from pQtYgu'Itc, fish, +ti'Qiia. stream, 

Pon'tsa-bJtc~tim~ba, Deep Spring, Skull V'alley, Tooele Co. 

PaK'/w*frItc, a supposed water living creature, +«««, 
possessive, -f pa, water. The Gosiute believe certain creatures 
or “ babies " can be seen in the spring at night and can be heard 
from a distance to cry. In the daytime they disappear in holes. 
Sec also 

Pa'Uim-ba, Canyon Station, Tooele Co. 

Seemingly “Spring water"; po'isi^itp, spring, + wi, poss¬ 
essive, -|- pa, water. See the next w'ord, 
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Saint as prcetcliag or nearly so. applying to same 
general region, “Spring way or road/" 

Fa'pd-dso-kL Desert Mountains. Apparently "'dry water or streams/" 
PoVi-fri-iio (or /ind). Antelope Island, Great Salt Lake. 

Elk place; elk breeding place,'* 

FQ*rhMn-o-gwut. Hickman Creek, Skull Valley, Tooele Co. 

Pa'ri-bin, elk {ajeedve form), + stream; "Elk 

Creek. 

Pa^o-k-iL^u^pL Hot Springs north of Ogden. 

Bird Island, Great Salt Lake. 

“ Seagull settlement or breeding place/^ this island being the 
nesting ground of vast numbers of seagulls w'bose nests thickly 
cover the ground during the breeding season. 

Camel's Back ^lountain, Tooele Co. (Deep Creek 

district). 

Pi^^-bni-gwhci. Big Cottonwood Creek and Canyon, Salt Lake Co. 

Pi^tip, pi*a, big, + torrent, etc. 

Pi"a-ga-ri. Black Mountain. 

Big Alountain." 

Pi'a-pii. Great Salt I-ake. 

P7q, big, great, 4" Mm water. Also commonly termed 
TVtsa-pa, which see. 

Pra-pa-rl-t^i-pa. Big Spring, Skull Valley, Tooele Co. 

Pj^a, big, + spring, + pa, water. 

Pra-roj-y^*-^'- Deep Creek Mountains, Tooele Co. 

Pj'a, big, rot*ya-M, mountain. 

PVo~gu^fd; pfo-gti^. Jordan River. 

-- Big River/^ ' 

Pt"a-pa-dsup. Salt Springs, Tooele Co. (Deep Creek district). 
''Big spring/' 

Pra-so-ho-gii'Q. Farmington Canyon creek; also the canyon. 

big, +s&'o-pi( -o'ho-pi)^ cottonwood, +o^gti'a, creek. 
P^'ho-ba. GrantsvSlIe, Tooele Co. 

Pp7in-5i, cottonwood, water. 

Pt>'h&-ba-dsup. Antelope Creek, Skull Valley, Tooele Co. 

Fo"ho-bi, sage-brush, spring, etc. 

Po^ho-rl-ba-hm. Indian ranch or settlement in Deep Creek. 
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Po'ho^ri, sag€-brush (adjective form), +f<!, water, -{-hna, 
locative apposition. 

Fo'ko~ga-ri. Lakeside Mountains. 

"Lizard Mountains” seems to be the meaning of this name: 
po'ka-dji, lizard, 4-5 oVi, mountain range. 

Pu’hu-L Beck’s Hot Springs, Salt Lake Co. 

Pu'fiu^i'ba-ga-ra. Hot Spring Lake, Salt Lake Co. 

Pu'hu-i, Beck’s Hot Springs, + bpi’ga-ni, lake. 
Pu'i-/oi-ya'&i, Pu'i-doi. Goose Valley Mountains, 

Pidi, duck, tofya-bi, mountmn. 

Pu’i-tl^pa. Stockton, Tooele Co, 

“Duck water,” 

Sai'ba. Flint Springs. 

Saip, bulrush, + pit, water. 

Cedar Mountains. 

S'o'wro + joriri, mountain range. 

Sfa-dvi-dhma, Little Cottonwood Creek, Salt Lake Co. 

Sfo-pa. Ferguson Springs, Tooele Co. 

“Willow water"f willow, +M water. 

Si'bu-pa* Camp Floyd. 

Si'ba^pi, Bigelovia or rabbit-brush, water. 

Sr/u'-dn-ro-«*I«. Bountiful, Davis Co. 

Siffga-ni'if. Birch Creek, Tooele Co, (Deep Creek district). 

Sin^git-pi, quaking-aspen, way, trail, etc. 

Si»'g0-gtL'(f. Grouse Creek, Tooele Co. 

" Quaking aspen creek.” 

Sfo-gteiit; SPo^gwa* Tooele, Tooele Co. 

“ Willow creek." 

So'ho-ffii’o. City Creek and canyon, Salt Lake Co. 

“ Cottonwood Creek.” 

Saii'ga-tQi-ytt, See Tsait'ga'tffi-ya. 

So'ni-ba. St Johns; Clover Creek. 

So’tilp, grass, -^pa, water; “grass water,” 

Co'kar-ni. Salt Lake City, 

Contj many, + ior'in', house. 

Devil's Hole, Deep Creek district, Tooele Co, 
Ta'/^f-yn. Crouse Creek Mountain, 
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“ Setting star mowmain ta'tsi HUifi, stars, +wro-.vii', to set, 
to go under, 

Ti'Mti-ha-ffC-ti. Mountains Soutb-east of Skull Vallej” part of 
Oquirrbs, 

“ Pine*nut mountains or range." 

Tfffo-a; Ti'j^o-a. A small mountain standing by itself at north end 
of Skull Valley. 

The word is probably from a verb meaning to separate, in 
reference to its central position by which it divides the valley 
(cf. tVga-in, plow). 

TTtn'/>i, A place near the north end of moiintabs separating Tooele 
Valley and Skull Valley, a very rocky point. The name means 
simply “ rock," It has been adopted as the name of a flag sta¬ 
tion on the Western Pacific Railroad which passes near the 
original Tini'/>i. 

Tlm'f’oi yob, Springville, Utah Co, 

Tim'pi, rock, -f for'yfl-6», mountain. 

Thu'fihi-a-ffU'ut; Tm'pJn-ff-gti’a. Provo; Provo River, Utah Co. 

“ Stony river ”; tlm'pt/h stony ' + «). + river, 

Mill Creek Canyon, Salt Lake Co. 

"Rock trap.” The name i$ given in reference to the fact 
that the Gosiutc formerly at favorable times surrounded game 
and drove them down a gorge to a precipice at one side of this 
canyon over which the frightened animals were caused to leap 
to their death. 

Tln'toi~ya-bi. Mountains west of Great Salt Lake near Lakeside 
Mountains. 

The name from its composition should mean “ Rock moun¬ 
tains.” 

Tm'ba. Simpson's Springs. ".Ascending Water." 

Tp'a-Mtt. Toana Springs, Tooele Co. 

Tpip, pipe (for smoking), locative apposition. 

Tln'ffan~o-fiii-p(, Granite Creek. 

“Rocky Gulch,” 

A spring near Beck's Hot Springs, Salt Lake Co., bearing 
no English name known to writer. 

"Singing water.” 
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TVtsai^ya’ffi; TYlsi^ya-gaL Fish Springs. 

TVtsa-f>a. Great Salt Lake. 

" Bad water”; tfVftJi, bad, bad tasting, etc,, ri-Z'd, water. 

F( Clierry Creek, Tooele Co, {Deep Creek district), 

Ti'dj little, + bafgtii'Ud, stream, etc, 
Ttn’ai-g^o-baH-o-ffua), Creek south ot Butterfield Creek, Salt 
Lake Co. 

Probably from Iht'ai-g'ti'O-bi, nettle, + bai; meaning to 
abound (ri-o'j^rfa^ stream, which is ordinarily omitted), 

^ rd'A-o-^ff-rj. ,A motmtain near Morgan, 

J’o'jd-j-fifl. Soda Springs, Utah Co, 

To'ia, from to'd-bit, white, + l>a, water. 
ts'tia-ba-ga^riip. Genera! term for river bed or channel. 
Tit^kai-heh^a, Kaysvitle, Davis Co. 

Explained as meaning ‘ big wind creek ” in reference to the 
strong east winds that blow from the mountains at this place 
during part of the year. 

Tit'kai-pa-d-tsi-f>a, Deep Spring, Skull Valley. Same as Pon'fjo- 
bUc-iim-ba, which cf. 

Tsa'fto; Tsa'fio-a, Emigration Canyon, 

''Good road” is the meaning of the name, tlie trail, and 
later road, through the canyon across the Wahsatch Mountains 
being the best. 

Dugw'ay, Tooele Co. 

From tsoii ffo, dug ont, etc., toi'yo-bi, mountain. 
ntiUsai-hUffi Three adjacent mountains near Willow' Springs. 
Tiiri-kicai ba. Redding Springs. Ttwele Co. {Deep Creek district). 

The name seems to mean " Evening meal water.” 

Tm>Tffa-loi-yo . B ullion vil 1 e. 

TsaiVf/fi -f- fflA'd-fn*. mountain. 

Tjj'a-6a, Gifton, Tooele Co.; Gifton Mountain. 

” Dry Creek.” 

Tsi"a-ba-o-no-pi Dry Canyon, east of Indian camp in Skull Valley, 
“Dry Creek Hollow or Canyon,” there being a stream of 
water from it only during the wet season and early spring. 
tsi’It IN-f>ij tsi'fwip. General term for desert. 

IVa'bi-kai Rabbit Springs, Deep Creek district. 
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ii'<^!/a-rt«-a-ru-a. A mountain a little west of Camel’s Back Moun- 
tain. 

U aga-ri. Gold Detp Creek district* 

Apparently “Double tnomnain." 
it^ei'hab-o-^a, A small stream at Xeff’s ranch in Skull Valley. 

Wa'ha-bi, divided, halved, half, H-o'pu’o, streamDivided 
or split creek,” the name referring to the fact that tlie streamlet 
IS formed by the water from Hvo distinct springs which runs in 
two channels for some time before finally uniting into one 
lFa'>„Q.r(,i-ya^bi. Twm Peaks, Wahsatch Mountains. 

“ Double mountain.” 

(Vau'dbl-gff-nlp. Fish Spring ilouniain. 

Oasis, 

fVa'tnl^. Dallies Springs, Skull Valley. 

Big Creek, Skull V’allcy. 

Ir t am-t>a-da~dsH-fa. Cedar Fort. 

Shell Creek. Tooele Co. 
tVo'tsa-na, Bingham, Salt Lake Co. 

A recent name equivalent to “Mining Camp,” Bingham 
being such. 

y^haii-ffa^a- ymt'ga-a. Staiisbury Island. Great Salt Lake. 
}lnlfr-^a-n. Porcupine Mountains. 

“ Porcupine range or mountains.” 

Pekson.\l Names. 

Among the Gosiute many personal names are given in reference 
to some feature of the physical appearance. Thus, a boy with con¬ 
spicuous ears that stand out from the head is named A'lTux'd-riift 
meaning, in effect, “ Rabbit ears " or “he with rabbit ears.” Another 
young man who has a spinal curvature is called in full " ha-gti'atiti- 
“Person whose back appears broken”; a girl with a con¬ 
siderable growth of hair on her upper lip goes under the name 
Mutsutup, from mo'tsn, muts, meaning moustache; a boy who is 
tall is NaH'mn tci, from .Ha-np’/ma, to grow up. grow up high and 
a tall upman is similarly called 
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Other names refer to peculiarity of manner or oonduct or to 
some marked personal habit* Thus a man who for many jears in- 
veterately used a peculiar pipe in smoking, even putting his cigarettes 
into the bowl and smoking tlicm through it. was named Toip, 

“ Pipe; a woman who weeps much because all her near relatives 
are dead is known as from nia-ya'ga, ma-ya'gi-kln, to 

weep or cryt a woman of happy disposition who smiles much is 
Pai'yfl-HMit, “ Rippling or Lau^iing Water and another of opposite 
disposition is named Tit'o-bai, apparently from the root seen in 
iu'v-bit, dark, black, and in iu'o-biik, angry, with the addition of bai, 
abounding in; and Tarbo^hiiin is one name of a boy who is noticed 
especially and admired by white people (to?bo, white person). 

Some names are taken from places and materials. Examples are 
An’(sit meaning a flat without grass, and a stream and 

place in Deep Creek, men's names; and Pa ri-gyji^tsup, mud, and 
Gri-n'HO-JC, sand, women’s names. Names of various other objects 
are frequently applied to persons. Such are Po'go-nftp, currant; 

fire; J/m'moi, from A/it, moon; and Ta’bif sun, the latter the 
name of the last chief of the tribe. The same name was a common 
one for chiefs of other tribes as well and seems to have been re¬ 
stricted to such persons. -An interesting case that came to the 
writer’s attention was in the naming of twin children, one a boy and 
the other a girl. The boy was called So'gtlf, one of the willows, 
and the girl Pi'o-ra, stveet-pea, one form of which lives among and 
climbs upon the willows, the two names being selected because of 
tltis association. 

.Animat names are borne both by men and by women. These 
names are frequently chosen without any obvious association or 
particular reason j but in other cases they are given because of a per¬ 
sonal trait or feature's suggesting the animal concerned, as when 
an active, romping girl was named mountain sheep. 

Other examples of names of this type are IVn'di-tci, black bear, a 
man; Hoi, chipmonk, a boy, and PTu’;i-r», a bird, applied to a 
w'oman. 

Finally, a considerable ntimber of names are taken from other 
Indian tongues and, at present, also from English. Tims from the 
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Kanosh Ute is a woman's name; from Paiule, Al'pub, 

a boy^s name whicli means simply *^boy”; and from English, lWfL% 
Winnie, and ATiia, Nina, Ta'di-<», for Italian, given to a boy 
tliought to resembie an Italian, and Pi'gi-siuii, one of two naines 
borne by a wornati, this one having originally been coined in jocular 
way from the English “big stone” in reference to ber large size.* 
As might be especled from the mEuincr in whicli personal names 
commonly originate, the same person frequently receives several in 
the course of his life. The name borne in childhood perhaps in most 
cases is clianged in later lifej whiie the name of an adult may be 
suspended or used interchangeably witli another given in conse¬ 
quence of some newly acquired characteristic or of some event of 
importance in his life. Thus the man mentioned previously as bear¬ 
ing the name Toip has also been known as He who 

drags his foot” or ''Foot dragger,” since through an accident he 
lost one foot and has had to wear a wooden substitute which leads 
iiim to shuffle in walking. Various other cases arc noted in the 
list of names below. 

The following list includes chiefly the names of persons living, 
or recently living, in the Skull Valley branch, though a number of 
tliose of members of the Deep Creek colony are included. 

A man. The name is sometimes heard In the etymologic¬ 
ally more correct form Ai'b'im-pa and also as Ai'pa^bi. the trans¬ 
fer of vowels or entire syllables in tliis way being a common 
phenomenon in Gosiute. The name means “ Clay water ” and 

‘In similar spirit eriglnalnl die tiame n‘?Iil*jra«i-ri, bjr which a while 
nxitniui, who as a girl played much with the Indian children and learned their 
language simutiancously with her own, has for thirty-Jive years been known 
to the Gosiute. Her given name was Tillie. and that of her younger sister 
Lillie; but as the Gosiute have no I sound in their language, they find It 
difficult to pronounce English words containing it. especially when initial, and 
usually reptace it by i or d (cf. Tn'i/i-fB given above) ; and lienee, they pro¬ 
nounced both these names alike. To distinguish one from tite other Tillie, 
the elder, was in speaking to white people mentioned as "big (pig) Till" 
and the younger as " tiddy (little) Till” Big Till or. as commonly sounded, 
Pig Till, soon suggested Pig Tail and was then promptly iratislited into the 
Gosiute as from pig, possessive, ijU'ci'd, tail. 
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is the Gosiute name of a stream in the Deep Creek Valley and 
of the adjacent region. 

AVg0~rc-a. An old man receiitlj deceased. He was also known as 

Af^piih. A bevp The name is from the Piiite, tn which language it 
means boy.“ 

An old man. 

AjVgip. A ^ivoman. 

Aiii'ba. A woman. 

Afi*gots. A man, known to the ivhites as Chafley. The name is 
possibly originally from the word meaning spruce, Qffgt>-bi, plus 
the ending ts, tA. 

An'ka-bi-pi-dfip. A woman. The name is approximately equivalent 
to the English word “ ghost ” 

AtTka^ratt-ga, Han*ha^rau-g(t. A woman, 

An'tsi. A bo>% The name was explained as meaning a barren flatp 
one on w'hich no grass grows. 

A*patJi~pi. One name of the last chief of the tribe who was also 
known under the cotninon chieftain name Tii*bL The name 
means Literally horn head/^ and refers to the headdress for¬ 
merly worn by the chief. 

A"rUn-pi A man. The name is applied to a particular kind of 
earth or clay and also to the Dug way Monntains, 

Ati^wi-a. A woman, wife of iH'gl-lsi. 

Bi'bo-rhi. A woman. 

Bo*nL A boy. 

Dai'gL A boy. 

Dsa^kup^r A girl. Tile name means simply “ broken,*^ 

G^i'a'tm-se, Gu^'na-si A w oman* The name means “ sand.” 

ffaiiiil-. A girl. 

Atn^bu-i. An old woman. The name means filmy or 
blind eye (611'/, eye). 

Hoi A boy- The w^ord'means ** chipmonk/" 

In'ghtsi. A man, recently deceased, know n to the whites as Dick. 

Tca-givahn-iw-dsCip, A boy. The name means “hack falsely broken " 
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or apparently broken’* (/Va, false, not truly, 
back). Refers to a curvature of the boy’s spine. 

Ka'sf-tsL A girl. 

A'a'«i-.v<u-yo. A boy, also known as Po'gH»t-ffi. The name refers 

to his large ears. 

Ki^fin-gzva. A woman. Xame from the Kanosh Ute. 

Kum'c-rt 7 p. A boy* ''Rabbit ears'' rabbitp root, mean¬ 

ing to extend out^ etc*, up^ nonilnal ending). 

Kun. A boy. The name means ** fire/^ 

Kn'sa-yihmain. A girl. 

/Tk u-tci. A gi rI. 

Man'lsi-ritc. A ivonian. The name is from the verb meaning to 
hold the hands in the supine position plus the ending ts (tc, tci)^ 

and refers to the woman's habit of putting her hands in this 

position. 

. 1 /b ro-pat. A boy. " Fighter,” from ma-ro'paitt, ws-ro't^oiK-do to 
fight {with fists). 

A girl. 

Mo'ntfits. A woman. . * 

.Wro-zchttc, A woman. The name refers to habit of frequently 

turning up her nose (mo'bi, nose, -f- rna-ro-u’hi, to pull or draw 
draw up). * 

Mu’i-dsa. .A girl. 




A man, also bearing the name .di’po-rt’-a. 


i\ow deceased. 


Frwn Mtn, moon. 

MHiyim-bi-a. A girl, now deceased. “ Mountain sheep.” 
Mu'tsCanp, A girl. From im’isa, muU^ moustache, given in refer- 

ence to growth of hair on upper lip. 

A^ow('pi.f«-tf, A man also known as Toip, The name 
IS from iiam'po, f^t, plus the verb pi’eu-fn,, to slide or drag 
shuffle, and is applied for the reason previously explained. The 
man Is known to the ranchers as Dave Kimball, having as a 
' cluld been adopted into a white family of that name, his imme- 
.hate relatives appearing to have been killed in an early battle 

with whites. He later took up life with the Gosiute, of which 

inbe he not ^ native. 


fRCM!. AMER. PHIL. SOC., 30S 


PRIISTEU MAV 19^ J9ij_ 


18 


CHAMBERLIN^PLACE AND PERSONAL NAMES 3- 

Aratt'nou /fi. A boy. From ma-na'Um, to grow up, grow «p tall, 
plus the ending tci. 

Na'nO’Vi. A woman, now deceased. Apparently from same verb 
as the preceding. 

Na*tcu. A girl. 

Ni'ji-ka. A girl. The name was said to refer to the way in wmeb 
at one time she had had her hair cut. 

Afl'flo. A girl. From the English. 

No'wi-fip. A woman. to carry or move aw^ay, move 

camp, plus up. “ Camp mo%'er.’ 

Oi’tcu, OfUo, HaiUcti. A boy. The word means “bird” in the 
general sense. 

A woman. “Laughing Water" {Pa, water. + 
j'O'ni-Jtfn, to laugh). 

Patt'du-gon. A man- Probably from pan, water {adjective form), 
and which sec further. 

A man, also known as Pfdji-bU'i. Nanie probably the 

English paunch. 

Pa'ri fiwl-tsup. A woman. “ Mud ” is the meaning of the name. 

Pa’so-go. Name by which Pa'n-givJ-Uiip was knoivn when a girl. 
The name means wet or s%vampy ground. 

Fo'tt'i-in)(-t.fi. A man spoken of in tradition as having a very long 
time ago built a vessel and navigated the Great Salt Lake (Pa, 
water, +tt'i'0'W0, to travel or ride, -\-titi). 

Pea-re~g*va^ui. Gosiute name for FFa-cr-fei, the Shoshoni chief, 
It means *' great talker.^' 

F('a-«w(>, A woman, also known as P^gi-stim or Stun for short. 
Tlie name means simply “big woman” {pi'o, big. 

womin). 

Pfgln-gTifa^cl Name of a white woman formerly much associated 
with members of the tribe. It means “pig tail *’ {/djTrt, pig, in 
adjective form.-f^'"'^'* manner of origin of this 

name has been explained above. 

Pi^dji-bihunts. A man, often also called Fniitc. 

FVkht. A girl. 
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PfkXp, A woman. 

Fl'gi-simh A woman, formerly known exclusively as Pi"a-^u*aip, 
but now called more frequently by the present name or its short¬ 
ened form, Stun. Ii was coined from the English " big stone.'‘ 
FVku^i^nk. A man- 
PiH'ji-rS, A woman. J^ame of a bird. 

PVdji-bu^i {BVdji-bu-i}. A girl The name refers to her having 
precociously developed mammae {bi*dji). 

FVo~ru^ a girl. " Sweet Pea ” (Hedysarum, etc.). 

P0*gQ~nfip. A boy. Black currant,"" The name also occurs in 
the form 
Fcdrtk^ A boy^ 

Pn^t~d}{s, A man. The name appears to be from the English pudgy 
applied to him by whites and adapted. 

Sa*gfip^ a boy. Name of one of the wdllows. 

5'i^I-tn'. A boy, 

A w'oman. 

ClL A man. 

Ta'i^ir Last chief of Goslute, also known as. A^pam^pL " SuHh” 
Tn'dt-t'w. A boy. From “ Italian/" the boy having been thought to 
resemble one of tliat nationality. The 1 of Italian is replaced by 
d(t}f as usual. 

T(ji*baAium. A hoy^ so called because a favorite with while people 
{tai^bo). 

Toip, A man^ also known as The name means pipe 

and the manner of its origin has been explained previously. 
To^wrifc. A man. commonly known as iVn'dJ-td, From English 
Thomas, probably. 

TH*gan. A man. From night, darkness. 

Tw'ii-hfl. A woman. '"Dark Water.” 

Tu*tvQtSr A girl. 

TsaVyap^ A woman. 

IVa-ddUd, Wa^da-tsi. A man. "Bitter"' plus nominal ending tsL 
IVa^ci-doi-a pa. A name for IVa'ce-ki See also 
tVac. A man. 

A man. 
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IVi'a-so. A woman. 

H'Tui. A girL English Wiimie. 

Wil'da-ui, Wu'da-tcs. A man. The vowels may be interchanged, 
as frequent, and the name be heard a$ IVn'dl-Ua. It means 
** black bear.” 

A woman. 

A woman. So called becanse of her much weepingp all 
her relatives being dead. 


PLATIKUM IN NORTH CAROLINA. 

By PAUL R. HEYL. 

Pebmarj/ 7, ipij.) 


North Carolina, on account of the variety of different minerals 
it affords, may well be classed with Freiburg, Saxony, and Franklin, 
N, J, More than one hundred and eighty different minerals occur 
there, and in some cases minerals otherwise rare Occur there in com¬ 
mercial quantities. 

The gold mines of North Carolina have been known for a cen- 
turj", and it would be but natural to expect small quantities of plati¬ 
num to be found in such localities. The first announcement to this 
effect was published by Shepard in h appears from his re¬ 

port that a nugget of platinum weighing 2.5 grains was found among 
the gold washinp in a rocker at Mr. Erwin’s mine in Rutherford 
count]i-. The miner who picked it out supposed it to be silver, and 
other miners in llic vicinity claimed to have seen similar lumps Mca- 
sionally. It would seem, however, that such occurrences must be 
very- exceptional, as Hidden.* in iSSi, failed to find any platinum in 
five localities, and Venable in 1892 * after a careful examination of 
gold washings from several places and a failure to find any platinum 
therein, was inclined to distrust Shepard's report. 

In 1S94/ however. Hidden discovered sperry-lite, the native arse¬ 
nide of platinum, in panning gravel from a creek in Macon county, 
and traced it to its source in rock on the top of a mountain 

The present communication deals with the occurrence of plati¬ 
num m a different part of the state, and is believed to be the first 
published notice of the subject. The interest centers around the 
little villa^ of Riiffin, in Rockingham county-, about fifteen miles 
south of Danville, Virginia. The country hereabouts is devoted 
mainly to famimg, tobacco being the chief crop. Apart from a 

Journal of Science, series 2. Vol. 4, p, 280, 

/ftid., series 3. VoL S3. 1881, p. 25, 

series 3. Vol. 43, 185^, p. 545, 

‘Kemp's “Report on Platinum," Bull. V. S. GeoK Suroty, No igj 
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granite quarrv a few miles south of the village no form of mining 
is practised in the neighborhood, although some fifty miles farther 
south, near Cedar Falls, gold is extracted from a rock deposit m 
which it occurs rather irregularly. 

The beginning of the platinum story goes back some fifteen or 
sixteen years. At that time, according to neighborhood tradition, 
the son of a ilr. Harralson, a landowner in the vicinity, picked up 
in the creek a stone which attracted him tiy the yellow crystals scat¬ 
tered through it. Supposing it to be gold, be showed it to his 
father, who sent some of the rock for examination to a lit, Wil^n. 
at that time chemist for a phosphate concern in Baltimore, 

Wilson saw at a glance that the supposed gold was pyrite, but thought 
it worth while to see if the pyriic was auriferous, and directed his 
assistant, a Mr, Walsh, to make some assays, ilr. Walsh found no 
gold, but encountered something else which puzzled him for a while, 
until he finally obtained a reaction for platinimi. 

The quantities of platinum shown by this sample of rock were 
surprising. Four assays in Mr. Wilson's laboratory gave the fol¬ 
lowing figures in ounces per ton: 4.76, 2.40, 285, 3.60. More roc 
was sent up at Mr. Wilson's request, and four more assays were 
made, all of which were blank. Greatly incensed at what he sup¬ 
posed a trick, Mr. Wilson visited the ground and nearly came to 
blows with ^^r. Harralson. Finally convinced of the latter's sin¬ 
cerity, Mr. Wilson proceeded to investigate the matter on a large 
scale. He turned the creek out of its bed and put down a charge of 
dynamite. Samples of this rock again showing platinum, a car load 
was sent to the Mecklenburg Iron Works, in the same state, and 
there ground and washed on a Wilfley table. The following results 
were obtained t 

Concentrates 30 to 1, 

ChuiKrfi Per Tod bi fcbK CMWmt 
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Mt. Wilson also put down a hole in the ground by the creek 
side and took some rock out which yielded nothing hut blanks^ He 
seems then to have become discouraged, and soon aftenvards died^ 
being over So year^ of age. His assistant went to Mexico^ where 
all trace of him was lost. 

I have given the story thus far somewiiat in detail, as it illustrates 
so well the characteristic features of the deposit, and the experience 
of every one who has worked with it. The details were given me 
personally by Mr. Harral&on. As this occurred about the time of 
the gold discoveries in Alaska the particular spot where the platinum 
was found was called the Klondike, which nanie it bears to this day. 

A few years after this the matter came to the attention of Dr. 
C. D, W. Colby, then of Dillsboro, Jackson county, N. C,, now of 
Asheville, who haa been since that time its most earnest and per¬ 
sistent advocate. Much credit is due him in this matter. Startingp 
as he himself states, with the verj^ elementaiy' know ledge of platinum 
possessed by the average practicing physician, and with ihe still 
more clementaiy' facilities at his disposal in a mountain village of 
western North Carolina, he was able to satisfy himself that the rock 
contained platinum, and in what he believed to be paying quantities. 

Follow ing are the results of certain assays made for Dr. Colby 
by a Mr. Jenkins, chemist for a copper company operating in the 
western part of North Carolina* 


327 

0.65 

1.31 

o.fi| 


131 

trace 

0.?t 

373 

3^85 

o.iti 

trace 

3,60 

376 



3 - 9 ^ 

0.71 

032 



These assays were all made by the w'et method, and in addition 
to these figuTes many blanks were obtained. Dr. Colby also obtained 
the follow ing figures, together with a number of blanks, from well- 
knowm professional assayers: 

F, F. Hurt, New York, .^ ^. + + ., 2.5 


Trubeck ....^ 3.T 

Lcdouit and Ce. .... 3,07 

G- C Childress, Knoxville.. . . lo 
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Dr. Colby then beg^an a most discouraging nine year campaign 
of promotion, bringing the matter to the attention of practically 
every large platinum-working concern in this country, and last of 
all to the concern Avith which I am connected- 

It w as the same story everywhere. His tale was listened to Avith 
more or less interest, the samples tvere turned over to the company's 
chemist, who invariably reported “ no platinum." Then a letter, not 
always too polite, closed the negotiations in that direction. 

Dr. Colby, having several times been able to correct professional 
assayers to whom the examination of the rock had been intrusted 
as to the proper iiandling of a sih'er bead containing platinum, be¬ 
came convinced that the trouble lay Avith the chemists; that the plati¬ 
num existed in the rock in some new form, Ai'hich required a special 
method of analysis to detect it. 

In the course of the campaign tlie matter was brought to the 
attention of the Cnited States Geological Survey, and Dr, Day and 
Mr, Sterrett visited the ground. A car load of rock Avas taken out 
and tested on one of the concentrating tables which had proved very 
successful on the black sands of the Pacific coast. The examina¬ 
tion of the concentrates showed no platinum. Dr. Colby bad some 
experiments made Avith dry concentrators, which he says gave fairly 
good results. No figures on these results Aicre furnished ns. 

The matter came to our attention early m the year ipti. The 
first thing to be done in the matter was to write to the Geological 
Survey. 

The reply of the Survey stated that nothing had been published 
on the subject; tliat the rocks in the vicinity were liornblende schist 
and sericite quartz schist, which might represent metamorphosed 
phases of volcanic rock such as andesite and rhyolite; that it was 
claimed that the sulphides in the hornblende schist carried platinum' 
in some form difficult to extract; and that the Survey had not deter- 
mined this point 

With this curious Jiistory of the situation laid fitUy before u$ we 
were inclined to place considerable confidence in Dr. Colby’s hypoth¬ 
esis of a new form of occurrence of platinum. Bearing in mind that 
the properties of compounds in the native state are often very dif- 
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ferent froiij their properties u'hen artihcraliy produced (e, g,, the 
insolubility in adds of certain native oxides of iron, and the com¬ 
parative insolubility in aqua regia of speriy lite), lie thought it not 
unr^sonable tliat we might have to deal witli a neiv componnd of 
platinum of peculiar properties, and in the examination of the rode 
we were careful to follow Dr, Colhy’s directions literallv, howeier 
useless it might seem. 

The first satnple submitted by Dr. Colby weighed about five 
pounds. One third of it was retained for examination in our labo¬ 
ratory, and the remainder, in lump form, was sent to Dr. Harn' F. 
Keller, of Philadelphia, who ground it, divided it into two portions^ 
retained one himself, and sent the other to Mr. Whitfield of the 
laboratory of Booth, Garrett and Blair. The portion analyzed at 
our laboratory- was decomposed by aqua regia, according to Dr. 
Colby s directions, and yielded the surprising figure of eight ounces 
of platinum and two ounces of iridium to the ton. Dr. Kdler and 
Mr. Whitfield decomposed the rock by hydrofluoric acid and Dr 

platinum to the ton. while 

Whitfield found nothingr 

Mr. Eldred, of our company, then visited the ground, took his 
ou-n samples and brought them north in his hand satchel Two 
assays on these samples, by the fire method according to Dr, Colby’s 
directions, gave o.S and i.t ounces per ton platinum. 

V “P'™"'"* “‘"'“B tngiraer, Itr. James W. 

Nerl v...ted the e™„ri a-ith M,. Bdred. add t«fc samples from 


o.s 


0.x tract 1.45 04 

and two blanks. 

I will not take the time to go over in detail ^11 the assavs that 
were made on the property. Suffice it to say that over fifty'assays 
1 ere made m our laboratory, a few of which were blanks,'a larger 
number ^ve perceptible traces, and a smaller number ran anywhere 
™m half a" ounce to one ounce per ton. Yotbing approaching the 
gyre given by the first sample was ever found again. • 
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At early sta^e of the ass^iying work it was recognized that to 
carr> out such work in the laboraton^ of an industrial works devoted 
to the w'orking and refining of platinum on a large scale was a matter 
of some delicacy. The obvious way to guard against infection was 
to run blanks, and this was done with perfect success for eight 
months. At the end of that time the furnace in which the assays 
were made began to shoiiV signs of infection from the fine platinum 
dust that might be detected almost anywhere in the works, and the 
blank assays began to give minute traces of platinum. A new fur¬ 
nace was then installed in another room, and satisfactory blanks 
were again obtained. It ^vas not considered prudent to do much in 
the way of sending out samples to other laboratories for cheek anal¬ 
yses ^ but such check assays ivere made in otjr own laboratory' by 
Dr. Harry F, Keller, of Philadelphia, and the results agreed quite 
ivell with our oivn figures. As an illustration of the care that was 
taken to avoid false resultSt the air supply of the furnace was ex¬ 
amined. The furnace was fired by gas mixed with air supplied from 
a blower in a distant room. This blower supplied air to all parts of 
the establishment, and its irrtake W'as not above susplcioii. A glass 
tube filled with cotton wool was fastened to one of the air cocks and 
the air allowed to blow' through it for two weeks. The cotton w'as 
then burned and the ash examined for platirtunv Noiiewas detected. 

The examination of the ground was carried out by our mining 
engineeVt ^Ir, James W. Neill, with great tho rough ness. Samples 
were taken over an area of six or seven square miles in the imme¬ 
diate vicinity of the Klondike, and the peculiar rock of the region 
was traced fifteen miles north, to Danville, Virginiap and fifty miles 
soiitli, to a point near Cedar Falls, C.* and traces of platinum 
were occasionally detected in it. ITie w'ork lasted a year, and was 
completed by an examination of the watershed of the region for 
placers. This latter piece of work was done by Mr* John A. Ritter, 
and extended far and wide, in the case of one river to a point two 
hundred mites from Kuffin. In this examination traces of platinum 
were found in the sand$ of the James river tivo miles west of Rich¬ 
mond; in the Dan ru'er,^ where it is joined by Hogan's creeks which 
drains the Ruffin region; in the Dan river at Danville, Va.; in the 
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Roanoke fiver at N* C. J and in tlie creek bed on the prop* 

erty at RuSizi. The richest sample (and the only one yielding 
enough platinum to weigh) was from the mouth of Hogan $ creek* 
It contained about forty-five cents' worth of.Pt per ton of gravel. 
Another sample taken only a few yards away was blank. This was 
the uniform experience wherever Pt was found, pointing to the 
occurrence of the metal in sparsely scattered single piartides. In all 
other cases wliere Pt was found it was merely as an iodide reaction. 

Traces of gold were found at the mouth of Hogan's creek and 
in the Dan river near Darksville, Va. 

But 1 take it it is of less interest to the present gathering to learn 
that the platinum deposit of North Carolina is commercially unim¬ 
portant than to learn something about the nature of the rock that 
carries the Pt, and the form in which the metal occurs. 

As you see by the samples the rock is evidently sedimentary in 
its origin. It has a density of 3.03. On roasting it becomes so 
friable that it may readily be reduced to its grains by the fingers. 
An analysis of the principal constituents of the rock, made at the 
Massachusetts Institute of Technology, gave the following figures: 

SiOj.*.*.. *. sojor 

CaO -.-.... . .. ^03 

AigO . . ..... 4,^3 

Fc ..... y.6S 


The fock ^Iso contains the ^nd amounts of sulphur^ 

It is noteworthy that it appears to contain no chromium. The sul¬ 
phur is present as sulphides of iron, in two forms, soluble and insol¬ 
uble in hydrochloric aetdj probably the ordinary pyrrhotite and 
pyritc. It was Dr. Colhy^s idea that the sulphides carried the platb 
num. Our experience negatives that. The samples richest in Pt 
were often poor in sulphides. Occasionally large crystals of sul¬ 
phides would be found, and an assay of the hand-picked sulphides 
showed no platinum. 

In order to determine, if possible, t!ie fonn in which the platinum 
occurred in the rock about 150 assay tons of rock w^ere coarsely 
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crushed and then ground to fine penvder in rolls^ with the idea o£ 
finely dividing; the rock without reducing the size of the metallic 
particles, if any such were present. The ground mixture assayed 
04 ounces per ton Pt^ which would mean 60 milligrammes of metal 
in the lot. Concentratioii was effected by vcr>^ gentle washing in 
the following manner: the sand was placed in a large jar, and a 
small stream of water introduced by a tube reaching to the bottom 
of the jar, and the water allowed to overflow until it ran perfectly 
clear. The residue, w'hich amounted to about one third of the origi¬ 
nal amount, was dried and put through the rolls again, aftenvards 
being washed in the same manner as before. After several repeti¬ 
tions of this process there remained a few grams of matcriah w'hkh 
was pulverized by hand in an agate mortar filled with water, a little 
at a time. The very fine material thus resulting was panned off 
from time to time and there remained finally a surprisingly large 
amount of flattened metallic particles- On digestion wdth hydro¬ 
chloric acid the greater part of these dissolved with the familiar 
odor ivhich showed them to be particles of steel derived from the 
grinding machinery. There remained 13.S mg. of bright metallic 
particles. These w ere not attacked by dilute nitric acid. On heat¬ 
ing to redness on the lid of a porcelain crucible many of the particles 
preser^'ed their luster unchanged, and some of them turned a steel 
blue without loss of luster. A few^ particles showed the change of 
color over a part of their surface, sugge$ting palladium. (Samples.) 

The quantity of material was rather small for an analysis, biiE 
the attempt w^as made. The particles were fused with tine for an 
hour and the button dissolved in hydrochloric acid. The fine black 
residue was treated with aqua regia dihited with four volumes of 
water for a long time, and there remained a small black residue 
w'hich w'as probably iridium. It weighed 04 mg., and was unaltered 
in appearance by ignition. The solution was evapdrated to drymess 
and taken up with 60 per cent, alcohol and solid A small 

brick-red precipitate remained. On ignition the mixed Pt and Ir 
sponge weighed y.7 mg. The alcoholic filtrate was yelloivish, and 
gave a reaction for Iron. This is significant in connection with the 
fact that the particles had withstood both hydrochloric and dilute 
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nitric acids. On warming the alcoholic filtrate it turned a deep 
brown color, again suggesting palladium. From the hltrate 2.7 mg, 
FcjO} w^ere obtained by precipitation with ammonia. 

The 7.7 mg. ot Pt*Ir sponge was treated with dilute aqua regia 
until a constant residue was obtained, which weighed Ij 8 mg. Add¬ 
ing this to the 0.4 mg. previously obtained, we have about 16 per 
cent, Ir. The Pi figures about 40 per cent, and the Fe 15 per cent,, 
leaving 29 per cent, unaccounted for. Xo further evidence of Pd 
could be obtained from the very small aniount of material. 

The total recovery of acid-resisting metallic particles by this 
method was only about 25 per cent, of the assay value of Pt, and 
undoubtedly comprised only the largest particles. The term largest 
is to be understood in a relative sense only, as none of the particles 
could have sveighed as much as 0.1 mg. 

There seems to be no doubt that the platinum exists in the rock 
in the form of the usual alloy or mixture of the different platinum 
metals and iron, with probably a greater proportion of iridium than 
is usual in the Russian variety. It is worthy' of note that as far as 
is shown by the various published analyses of platinum from Amer¬ 
ican sources these ores have a greater iridium content than the ores 
from Siberia. 

As an experiment on a larger scale, half a ton of rock from a 
locality about two miles distant from the Klondike was smelted in 
the experimental blast furnace at the Massachusetts Institute of 
Technology, and yielded 11 mg. of platinum. A sample of this rock 
had given an assay value of 0,4 ounces per ton, accompanied by a 
satisfactory' blank. A second assay had yielded nothing. It was 
customary to make assays on 4 A. T. lots of ore. 

All the forepirtg facts are consistent with the hypothesis that 
the platinum exists in the rock in sparsely scattered granules, so few 
in number that by no amount of.rolling and mixing can we bring 
the sample into such a state that there will be at least one such granule 
in each assay' ton of the ore. 

As a matter of interest, during the progress of the assaying work 
on the North Carolina rock, wc were led to examine samples of 
rock from a great many localities for platinum. The curious fact 
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was discovered that it vva5 almost impossibk to obtain a blank when 
the rock was largely ferriiginouSs while on roeks composed mainl}' 
of quartz there was tio difficulty in this respect. In no case was 
anything more than the extremely delicate iodide reaction obtamed^ 
In applying this test it is important to note that it is interfered with 
by the presence of iron, nitric acid, and alcohoL The latter sub¬ 
stance is likely to be the most frequent cause of failure to obtain 
the reaction. In certain ferruginous rocks, when the point was 
reached where the platinmn, if present, should remain insoluble on 
the -watch glass after taking up the sal-ammoniac with 6o per cent, 
alcohol, there w^as often an almost microscopic trace of a white 
residue. Performing the filtration by faith, and washing with 95 
per cent, alcohol, abo by faith, the critical point of the procedure 
was reached. If the supposed precipitate wa& now disiSolved off the 
filter by hot water^ no iodide reaction could be obtained; but if the 
filter was first dried until all odor of alcohol had disappeared, an 
iodide reaction could often be obtained In thi& way reactions were 
obtained from certain building stones from Low^er Merion townships 
Montgomety county 1 and from a trap dyke in the nei^borhood 

of our laboratory' in Westchester county, N, Y. The sands of the 
Bronx livery a small slreani in our vicinity, gave no reaction when 
unconcern rated, but when concentrated by hand panning a reaction 
could be obtained. Bearing in mind the relation of platinum to the 
iron group, and the fact that iron always accompanies platinum, it 
is not so surprising that platinum should occur in small traces with 
iron wherever the latter is found. 

We also examined the rocks near Sassamansville, Berks county. 
Pa., which are mentioned in Kemp's report as giving irregiifar indi- 
cations of Pt, and found iodide traces in several samples. To judge 
by the depth of color, these samples w'ere not as rich as certain of 
the Lower Merion building stones. 
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so cons taut as to charactcriic the bed in great areas; the composition 
of the several divisions may be similar or in great contrast: the rela¬ 
tions of a coal deposit to the associated rocks may be so intimate as 
to be interdependent or the association have all the appearance of 
accident- One must study these conditions and their interrelations. 

Explanation of Terms, 

Gassification of tlie fossil fuels is foreign to the subject of this 
work^ belonging rather to a study of the origin of coal* herc» certain 
familiar terms are used in a broad sense and the whole series from 
peat to anthracite is taken to be continuous—at leasts from tlie 
chemist^s point of %dew. The chemical relations existing between 
members of the series have been expressed in many ways; but this 
table from Muck- answers the present purpose: 



C 

i H 

u 

N 

WMdy .. 

50 

1 ^ 

4J 

1 

Fcit,.... 

59 


S3 

2 

Browci nuL,.... 

69 

i 5-5 

25 

ckS 

coal 

Si 

5 


Q.S 

AntlirBc[[iir.. j... .... 

95 

3.S 

= 5 

Trace 


The mineral content is ignored tn this comparison. The table 
like all others^ is merely a generalization and the boundaries between 
groups are arbitrary. The passage from one to anodicr is gradual 
and in each tlie variations are extreme. 

Peat is the accumulation of vegetable matter decomposed in 
presence of a constant supply of water and protected from access of 
oxygen. It occurs in areas of greater or less extent on the present 
surface or in Quaternary deposits. Plant structure is readily recog¬ 
nized ill the newer portions but, in the dioroughly matured peat< it 
can be detected only by aid of the microscope. Under prolonged 
pressure, peat may assume the appearance of typical brown co^h 
LestiuereuXp* cited on an earlier page, saw* peat exposed midway in 
the valley of the Locte, where it is dug. At a little way toward tlie 
hills, it is covered with 4 feet of marl and is much changed in ap- 

’F. Muck, ‘^Die Chtink dec Sleinkotile,” 2 te Aufl., LeipEig^ i&ji, p. 2. 

’ L LesquereUK, ** Quclqties recherche^ sur lea tourbctist" Ntu- 

chatel, 1843. p. 93- 
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pcarance* though still distinctly peal l but on the border of the valley, 
ivherc the marl is thickj, the peat has been compressed to 3 indies and 
has become a brown coal^ hard, fragile and with brilliant fracture. 
G. Dawson* found on Belly river, a bed of mlerglaciat peat, 
hardened by pressure so as to have the appearance of lignite* 

Brown coal or lignite exhibits a more advanced $iage of chemical 
change and is the ordinary type in Mesozoic and Tertiar^i^ deposits, 
though it is not wanting in the Quaternary, for the beds at Diimten 
and elseivhere in Switzerland as well as at localities in Bavaria must 
be accepted in great part as browm coal. At limes, vegetable struc¬ 
ture is tlioroughl3^ well preserved, especially w'here stems of trees are 
present; at oilier times^ the ivhole mass ts amorphous, while at still 
otlierSj both forms occur in a single layer^ recalling the condition so 
often seen in mature peat. Lamination is reported from many localities. 
The color varies from dingj' brown to coal black and the luster from 
earthy to briliant^ bnt the streak is brown. Browm coal is not un^ 
known in Paleozoic deposits. The great beds of the Decazevillc 
basin. France, tw^o of which have a maximum thickness of more than 
100 feet, show all external characteristics of stone coal, but they 
contain more oxygen and nitrogen than is found in ordinary browm 
coal and more than tivice as much as is present in air-driccl stone 
coal.* The brown coal from Tula in Russia has been studied by 
many palaeobotanlsls. In spite of its ancient origin, it approaches 
very closely to lignites in appearance and composition. Nikitin" 
states that there are several beds, more or less important, in the 
lowest part of the Carboniferous and that lioghead is associated with 
the coal In this connection, it may be w^ell to recall tiie remarkable 
observation by David/ which appears to have been overlooketl* He 
discovered in soft fine clay of CaTbonSferous age thickly matted 

* Cited by J. Dawson, Canadian Ice Age/ 189^+ p. ^24. 

■K. Saim-Julien, died by J. J. Slevtn^on, ^ The Coal Basin of Decaie- 
villt. France,” /Jflii. N, Aesd. Vol XX,^ igioi p, 

Nikitin, “ De Moskou a Koursk,” Guide des txcurs. VIL, Cong. Ocol 
Int.. 1807, XIV.. p. s 

^ T* W- K David, Ann. Rep. Dept of Mines, New Soiitli Wales. 18^. 
p. 22g, 

moc. Aiitt, i-HTL. soc. Lit aoS c. pmbtf.d may 13. 1^13. 
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layers of itndecomposed Gh^SQptcrij leaves, not brittle but reUining 
their original Substance; soaked in glycerine and water* they can be 
ijiirolled and laid flat, A large number of the specimens T.vere 
mounted and placed on view in the museum of the Department of 
Mines at Sydney* 

Stone coal marks a still greater advance in chemical change. 
With rare exceptions, it is laminated, black or grayish black, more or 
less lustrous and with a black streak. In nearly all stone coals, 
there are alternations of bright and dull lamina, the Glanz- and the 
Mattkohle of von Gumbel, which may t>e extremely thin or several 
inches thick. Usually, there is little macroscopic evidence of plant 
structure, aside from the mineral charcoal, mother of coal, fusain* 
Fascrkolile of authors, which resembles charred tissue. Tin is is the 
Ordinary coal of the Carboniferous and it i$ present in many localities 
of later Cretaceous age^ The difficulty encountered in the effort to 
define a limit beti-veen brown and stone coal is increasingly great, as 
the dctcTiiunation is of commercial importance in tlie w estern United 
States, especially in areas where both tyTJes occur in the Mesozoic, 
Stone coals have been divided commercially into bituminous and 
semi'bituminotis on the basis of volatile content, but this does not 
suffice for distinction from the brown coals. The latter have been 
termed hydrous coals because they contain much w^ater, apparently 
combined, and break up rapidly on exposure to the air. Eut many 
so-called anhydrous coals break up with equal readiness on exposure 
to dry air* It is quite certain that typical Carboniferous coals have, 
for the most part, a definite prismatic cleavage and that many brow n 
coals lack that feature, while some have it. Many methods of dis¬ 
tinguishing the types have been suggested, but none is satisfactory; 
the exceptions are too numerous to prove the rule. No hard and 
fast line betivecn brown and stone coals exists except in generalized 
tables; but, as a rule, the older coals are more advanced in chemical 
change than those in later dqjosits. 

Anthracite resembles stone coal in structure and often in appear¬ 
ance, but it is more brittle and more brilliant. The volatile content 
is small, often approaching a trace. Like the stone coal, it often 
contains much mineral charcoal, thus shoiving relationship to the 
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other members of the series, since mineral charcoal is a common 
constituent of tlic brown coals as well as of peat. 

The series is continuous. By slow destructive distillation under 
pressure all can be converted into anthracite. The coal at Decaze- 
ville is much given to spontaneous combustion and the operators 
suffer great loss not ouly by destruction of the coal but also by con¬ 
version of much into a dense brilliant anthradte. The change of 
brown coal into anthracite by eruptive rocks is a common phenome¬ 
non in both Europe and America, so common that anthracite is 
thought by the great majority of students to be a metamorphic coal. 

Beside the ordinarj^ coals, which have so many features In com¬ 
mon, there are some which might be termed aberrant forms, the 
canncis, bogheads, kerosene shale; these, which have been termed 
sapropelic coals, are minutely laminated, brownish black and have a 
brownish streak. Ordinarily, they are rich in volatile constituents, 
which give much more brilliant flame tlian those from bituminous 
coal. In mode of occurrence and in some structural features they 
resemble the organic muds or sapropelites of Potonie, which ate 
found in many ponds and in lakelets within peat swamps, Tliey, 
like the other coals, are composed of changed plant material, but they 
freqticntlj' contain animal remains. 

All coals have more or less inorganic material, the ash or incom¬ 
bustible portion. At times the quantity is insignificant, less than i 
per cent, but it often exceeds that of the combustible matter, in which 
case the rock is known not as coal but as carbonaceous or biliimi- 
fiotis shale. 


The Extent of Coal Deposits. 

The areas of individual coal deposits vary from a few square 
yards to many hundreds of square miles. Those of very limited 
extent are, usually, outlying patches, occupying spaces eroded in 
older rocks and they abound in some of the western states, where the 
coal rests unconformably on beds of :MissIssippian or even greater 
age. Hall* described several in Iowa, most of which consist of 

‘Janie* Hall, Rep. GeoT. Sunv Iowa, iSsS. Vol I, pp. rai, 124, ia6, iw. 

r3J: A. H. Wortben, Jbid., pp. 212 , 323, 234. 
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impure canneL W'prthen found many. They are from 150 feet to 
2 or 3 miles in diameterj contain well-defined underctays with more 
or less coal. In one, the coal dii» to the center of the little basin; in 
another, the coal thickens toward the center; in others, the coal is 
irrifg^ular, but in all the coal thins out in approaching the border. 
•At one locality, marine limestone rests directly on the coal. Bain* 
has discussed these localized deposits and has explained the concave 
upper surface of the coal as due to consolidation of the vegetable 
material. 

Similar small basins are numerous in Missouri, directly south 
from Iowa, and occasionally they are of commercial importance. 
Swallow'* says that some contain cannel, otliers, ordinary coal; but 
the noteworthy feature is that in all the deposit is thick. In one he 
saw 20 feet of good coal underlying 6 feet of cannel. Meek ex¬ 
amined several in undisturbed Mississippian beds and others which 
'Occupied hollows in Silurian limestones. Impure canne] is tlie pre¬ 
vailing material but lie saw good coal in one basin. Later observers 
have gone more into detail. Potter*' described a basin, only 200 
yards in diameter, w'hich yielded 22,000 tons of coal; it had two coal 
beds, 2 and 16 feet thick. Another, 115 yards in diameter, yielded 
3,730 tons; its coal bed, with maximum thickness of 8 feet, thinned 
away on the borders. One, examined by Winslow, occupies a hol¬ 
low in the Magnesian (Lower Ordovician) and bolds a coal bed, 
almost 7 feet thick midway, and roofed tvitli 7 inches of clay, on 
whicli rests fossiliferous calcareous shale. More remarkable pockets 
were described by Ball and Sniitli and were thought by them to 
occupy “ sink holes." In one case, the diameter is somewhat more 
than 270 feet, while the depth is more than 130. Shale, 38 feet 

*H. F. Bain, Iowa Geol. Surv, Vol, Vll., 1807, p. 300. 

•• 0.0 Swallow, First and Second Atin. Reps. Geol. Surv. Missouri, iSss, 
Pan I., pp. 191^193; F. R Meek, ibid,, Part IT., pp. 112-114; Reps. GeoL Surv 
Mo.. i 8 ss-i 37 L 1873, pp. 132, i4p. 

“W. B. PoMer. “ Prelimiiiary Report on Iron Ore ami Coal Fields.,” Geol. 
Surv. Mo,. 1873* PP- A. Winslow, “Preliminary Report on the Coal 

Deposits of Missoun,” 1891, pp. leS-iyi: S. W, Ball and A. F. Smith, “ Geot- 
ogy of Miller Cotinly," Bureau of Mines, Vol I., 1903, pp. too, 103. 107 
lO^v III* 
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tliick, Is at the bottom and on it rests bituminous coal, 32 feet. The 
coal in all the pockets is rather impure. Meek thought that the coal 
beds had been let down by solution of the underlying limestone, but 
studies by later observers make evident that the accumulations were 
deposited in preexisting hollows, 

Ashley’* described 3 small area occupying a basin of different 
type, eroded in the Merom sandstone of Sullivan county, Indiana. 
This is in the upper part of the Coal Measures and is regarded by 
him as evidence of a land surface. The coal is thickest in the 
middle of this basin and thins away in all directions toward the 
border. The lower coal beds in Indiana exhibit a tendency to this 
basin shape, the thinning of coal toward borders of the “ swamps ’* 
being a common feature. But higher in the column, the areas in- 
crease and at length tlic coal beds are practically continuous for long 
distances. 

The condition, noted by Ashley in Indiana, prevails in the north- 
em part of the Appalachian basin, where extreme irregularity de¬ 
creases after the close of the Pottsvillc, and the coal becomes reason¬ 
ably continuous in greater areas, so that mining enterprises arc 
attended by less risk. But the irregularity was very great in the Potts- 
ville. Reference lias been made in another connection to Roy’s 
description of the mode in ivhicli the Sharon coal bed occurs, which 
confirmed the statemetits made by Newberry, Read and otliers tn 
the Ohio reports. The same features characterize the Beaver beds 
in Pennsylvania, of which Ashbunier'* says that in the northern 
counties of the state they occur in “swamps,” “swallows” or 
” sumps," and that they are saucer-shaped; the coal thins to a knife- 
edge on tlic hillocks of sand but is reached again when those have 
been pierced. L C. WHiite” was able to study the vagaries of the 
Sharon coal bed in a mine tvilh 10 miles of workings. The coal 
rests on I to 2 feet of fireclay, overlying the Sharon sandstone. 

” G. H. Ashky, “ The Coal Deposits of Indiana ” sjd Ann. Rep, Geol. 
Siirv'. Tnd., 1899, pp, 22-24, S3». fiSS, < 566 , 909, 

“C. A. Ashbqmcr, Sec. Geol. Sujv-, Penn.. Rep. p. y; Rjp 
PP‘ 95. 0T‘ 

“I. C. VVliitc, See. Geol. Surs, Penn,, Rep. Q, pp. 194, sm; Rep. OO, o, 
iro; Rep. QQQ, p. laj. 
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The floor is unevenj characterized by *' hills arid " swamps/' the 
coal being 4 to 5 feet thick in the latter but tbinning aw ay to almost 
notJung on the former, which are merely piles of pebble rock, rising 
at times with a slope of 15 degrees. The swamps” are depressions 
among the '‘hills,” which White thinks are due to erosion, as die 
pebble rock varies from 6 to 25 feet, the least thickness being under 
the sivamps. This condition occurs less commonly In higher beds, 
but it is by no means rare. 'Hie Lower Kittanuing, in Lawrence 
countVj rests on an uneven floor of fireclay which has an extreme 
thickness of 10 feet. The coal often dips into sw'amps with increased 
tliickness at the rate of one foot to the yard; it decreases usually 
about one lialf on the hills. The reports by Qiance and W* G. Platt 
note similar conditions in other coal beds of the Allegheny; these 
are only too familiar in the Conemaugh. 

Are Coal Bfjm Continuous? 

The query at once presents itself, are these petty areas excep¬ 
tional or are they typical? They are from a few yards to several 
miles in diameter, and one might expect to find yet larger areas^ dis¬ 
tinctly limited. The question is of great economic importance and 
the answer is of equal iniportanoe in relation to die problem in hand. 
Are coal beds continuous or do the names applied to them designate 
only horizons, marking periods when accumulation of coal took 
place, so to say* contemporaneously at many places and in extensive 
areas ? 

The question has been raised less frequently in Europe than in 
the United States because the coalfields are of comparatively small 
extent. But in the bituminous region of the Appalachian general¬ 
izations presented long ago still hold in the nomenclature, though 
some observers have opposed them strenuously. The early surveys 
were made when the region was thinly settled, when mining opera- 
tions were unimportant and exposures of coal beds w^ere mostly in 
small pits opened for local supply. There Averc fe\v records of 
shafts, there were no records of borings and there were few graded 
roads; the section was xvorked out laboriously from mtural ex¬ 
posures and without aid of the instruments now regarded as an 
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essential part of the geologist's ettuipment. The writer Lad as his 
duty, almost 40 years ago, the work of studying in greater detail 
extensive areas examined 30 years before by pioneer laborers in the 
northern part of the Appalachian basin. He has never been able to 
restrain the feeling that the work of those early geologists bordered 
on the niiraculoiis—the intuition of Hodge^ Jackson^ Henderson and 
J, P* Lesley seems to him almost more than human. Even at the 
time of revision by geologists of the Second Geological Survey of 
Pennsylvania, the conditions^ though better^ were poor enough, de:- 
pendcnce had still to be placed mostly upon natural sections, for the 
great mining industry was Still in Infancy and deep borings for oil 
were unknown- The defective conceptions inherited from the pre¬ 
ceding generation were accepted and continuity of coal beds was 
taken as the fact^ barren areas being regarded as exceptional. This 
belief was strengthened by the known distribution of the Pittsburgh 
coal bed, which appeared to have been proved within an area of not 
far from 15,000 square miles. But the multitude of shafts, the 
vast number of oil-tvell records, the increased number of natural 
exposures due to raihvay and road construction have provided data 
during the last tweniy^five years, which compel modification of 
opinion. 

When 1 , C. Whiiet after study of oil-well records in West \^lr- 
ginia, announced that the Pittsburgh coal is wholly absent from 
fully one half of the area enclosed within the outcrops, the an¬ 
nouncement was received with surprise. Stevenson^ nearly tw'enty 
years earlier^ had reached the conclusion that the Allegheny coal 
beds, for the most part, were wanting in the interior portion of the 
bituminous region, but White's study of the well records gave the 
evidence. There is a continuous area of about 10,000 square miles 
in which coal accumulation was very irregular from the end of the 
Fottsville to the close of the Carboniferous. But the irregularity is 
not confined to the central area; it h characteristic, to a less extent, 
of the w^hole region. 

The conception of conlinulty was a normal conclusion from the 
available facts, A coal bed was generally found almost directly 
under the Mahoning sandstone, resting on a fireclay which overlay 
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a limestone. Many times an exposure was iincomptetc, some por¬ 
tion of the little group was concealed but enough was seen to make 
recognition definitive. The coal was observed so often that, w'hen its 
place was concealed, its presence was assumed. The bed was mired 
at that time near Freeport in Pennsylvania and the deposit was 
named Upper Freeport. Either coal or very black shale was ex¬ 
posed so often in this position both in Pennsylvania and Ohio that 
barren spaces were regarded as due merely to petty local conditions 
and the supposedly continuous deposit was called the Upper Free¬ 
port coal bed. In like manner, the other horizons became known as 
coal beds and widespread accumulation of coal at each horizon an 
accepted fact, without reference to either quantity or quality of the 
material. 

But detailed study of individual coal beds proves that in ail 
there was great irregularitj-. The Pittsburgh, Wayneshurg and 
Washington, in the upper portion of the series, approach as nearly to 
continuity as one may conceive, for they arc always present in ex¬ 
posures and records within an area of thousands of square miles; 
but the Pittsburgh shows remarkable variations in thickness; it thins 
away to nothing from all sides toward tlie central part of the area 
tvhile at times only its imderclay remains to mark the horizon. The 
Waynesburg and the Washington horizons arc persistent, coal or 
black shale being present, but there is often only a trace of coal 
\vhile the variations in structure of the deposit are extreme. Some 
Conemaugh coals are imactically continuous, according to natural 
exposures, in Ohio within an area of not far from tjOOo square 
miles, but they are rarely seen in Pennsylvania; others are present 
on the east side of the region and rarely appear on the west side. 
The Allegheny conditions arc similar; one bed attains great com¬ 
mercial importance within an area of perhaps a thousand square 
miles in Ohio, but in Pennsylvania and West Virginia, it is only 
occasionally important and it is practically wanting in considerable 
areas. And the statement is true of other coal horizons. The evi¬ 
dence goes to show that there were periods, longer or shorter, 
during which proper conditions existed, so to say, contempora¬ 
neously in many localities but did not exist in very many others. The 
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greatest unbroken area, after the close of the Pottsville, in which 
coal accumulated, tvas that at the Pittsburgh horizon, the coal having 
been proved up in an area of approximately fS> 30 O stjuare miles. 
Originally it was greater, for erosion has removed much. Tlte 
Sewanee coal bed of the Kew River seems to have a great con^ 
timious area, but the measured sections are somewhat widely sepa* 
rated; they suffice to prove identity of horizon, but they do not 
justify either assertion or denial of continuity. 

Accepting, however, the extreme conceived area for original 
extent of the Sewanee or the Pittsburgh, one is compelled to recog¬ 
nize that accumulation of coal was not in process at any time in an 
area of more than 30,000 square miles and that it never was in 
process simultaneously in all parts of that area; that at most horizons, 
conditions were favorable to accumulation in areas of a few square 
miles to some hundreds of square miles while in perhaps the greater 
part of the regions the conditions were unfavorable. In fine, that 
the conditions were very much like those existing to-day. And this 
has always been the case. The Triassic coals were formed in 
narrow areas; the iiiconstanc)' of Upper Cretaceous coals in New* 
Mexico, Colorado and Utah is proverbial—they arc spoken of as 
lenticular; Tertiary- brown coals exhibit the same features, which 
are equally characteristic of Quaternary deposits as well as of peat 
accumulations of this period. At all periods, conditions favorable 
to accumulation of coal have existed in comparatively small areas, 
more or less widely separated. This will be considered in another 
connection. 

The relation of coal to the immediately adjacent rocks is so inti¬ 
mate that tliey must be regarded as one: a coal bed consists of the 
floor, mur, Liegeude; the coal, houille, Kohle; the roof, toit, ITan- 
gende, each of which must be examined in detail. 

Tue Fuioa OF THE Dial Bed. 

Miners, long ago, recognized that coal beds ordinarily have a 
clay floor or seat, but the fact was announced as generalization first 
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by Manimatt*“ after hh study of the Ashby-de-la-ifoiiche basin. 
Logan^* reached the same conclusion Indepcndentlyp several years 

aftenvard, as the result of studies in south Wales. His statements 
led to a comparison of notes and the conditions seemed to be the 
same eveiywhere. The relations of the Illinois coal beds have been 
cited as evidence that the condition is by no means general, but the 
citation i$ an error, for Worthen’s" remarks are so clear that one is 
at a loss to comprehend how the error came about. He says 
The typical fireclay, the "underclay,’* “ seal," or " mur " is rather 
fine in grain, somewhat sandy, very light gray to almost black, the 
tint depending on presence or absence of vegetable matter. Car¬ 
bonate of iron is almost invariably present, sometimes in very small 
quantity but many times it is abundant in nodules. Alkalies are 
comparatively unimportant, though often present In sufficient 
quantity to unfit the material for firebrick. Ordinarily, the rock is 
plastic, but occasionally it is hard and non-plastic, a "flint clay," 
This clay seldom shows lamination and on exposure to the air it 
breaks up quickly into irregular angular fragments. The remark¬ 
able feature is the presence of Stiginitfidt whose rhizomas are often 
interlaced in very complex manner. Owing to the abundance of 
the plants, the clay is often termed Sfi'^wtorfo-clay; but the presence 
of that plant is not essential; where Sigillaria and Lepidod^idroti 
are wanting or of rare occurrence. Stigtnaria is absent. It has not 
been reported from underclays of the Monongahela or higher forma¬ 
tions in the Appalachian basin. 

The Coal-seat *’ is not always clay or even impure sandy clay, 

■•E. Mammatr, "Coal Field of Asliby-de^l.i-Zouehe.” 183^, p, jj, 

”W, E, Loean, “On the Character of llie Beds of Clay, Lying Imme¬ 
diately Below the Coal Seams of South Wales,” Proc. Geol 5of. LohsI., VoI. 
111., pp, 27s, ayd. 

"A. H. Worthen, Geol. Sunr. lltbois, VoL 1 ., 1866, p. 50, 

“The coal seams are usually underlaid hy a bed of fireclay, which varies 
in iJiiclaie&s from a few inches to ten or twelve feet This was the original 
soil on which the vegetation that formed the coal grew, and it Is often pene- 
iralcd by the rootlets of the ancient Carboniferous trees, whose trunks and 
branches have contrilmtcd to form the coni.” 
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Hautkeri’* gives a section at a Hungarian locality showing 8 coal 
beds from o.ts to 3,10 meters thick, of which four have day and 
four have sandstone as the floor. Coal deposits were formed on 
clay, shale, sandstone or even limestone^ the conditions being ap¬ 
parently the same as those observed in the study of peat accomu- 
lattons. The Triassic coal of the Richmond area in Virginia was 
long supposed to rest on granite. Taylor^^ mentioned the rccogmaed 
fact that the coals of that area rest directly on granite, though 
occasionaliy a foot or two of shale may intervene. Bosses of 
granite rise as eminences and interfere vvith mining. This opinion 
was shared by \\\ B. Rogers in 1S43 and at a later date by Lyell, 
who asserted that the lower coal bed is in contact with the funda¬ 
mental granite. The true condition was ascertained by Shaler and 
Woodworthwho showed that the granite contact is due to faulting 
and that, normallyj there is a notable interval sometimes 300 feet, 
filled with barren rocks. There is no a priori reason, however* why 
coal might not accuiiiulale on a granite seat Chevalier's descrip¬ 
tion of the peat growth on granite and gneiss in the Niger region 
makes this clear enough. 

Cores from diamond drilled holes in the anthracite areas of 
Pennsylvania indicate in many cases that coal bed$ of notable im¬ 
portance rest directly on conglomerates or are separated from them 
by a mere film of clay. The cores show all gradations in the floor 
from fine clay to conglomerate. Similar conditions e?tist elsewhere. 
The hard silicioiis rock, known as “ Canister,”*^ is at times in con¬ 
tact ivitli the overlying coal bed In the Yorkshire field. Sections in 
other British fields show that a sandy floor is a by no means un¬ 
common feature, though day \s the usual matcriah 

Limestone of marine or freshwater origin is frequently the floor 

™ M. Hantken/'Die Kohlenflotze itiid der Kghlenlwrgbau in deii liindern 
der tinsarischeii Kroiiep" 1673, p. 131^ 

“R C Taylor, 'VMtmeir uf a Section through ttie Bituminous 

Coal Fieltl near Rsctiniond in Virginian'" Tronr. Gfoi, Vol, h. 

Part It,, iSj6. pp. 5S6. ^7. 

S. Shale r and J. B. Woodworth, '' Geolog> of ihe Richtnond Basinp 
Virginia,” i^ih Ann. Rep. U. S. Gcol. Siirv., i 8 gg. Ft. U,, pp. 4^4-426,42^ 43a 
^ A. H. Green. " Tlie Geology of the Yorkshire Coal Field,” iS/S. pp. 26. 
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of a coal bed. Sev^cral coal beds in tbe Monongahela and liiglier 
formations within the Appalachian basin rest at times on fresh¬ 
water limestone or cakareons shale: at others clay or shale inter- 
venest so that in different parts of the area the same coal rests on 
clay, shale, sandstone or limestone. Two coals of the Coneniaugh in 
Ohio show similar relations to a marine limestone, sometimes In 
contact with it, at others, separated by aeveraJ feet of shale or other 
material.'- C. Robb in 1876 repotted 6 inches of limestone directly 
under a Canadian coal bed, and J, W. Dawson in 1868 described a 
coal bed which overlies a bituminous limestone, containing .Vnia- 
dries and Sti^mana, the tatter, in his opinion, being evidently in 
place. Xot many instances of coal resting directly on marine lime¬ 
stone are recorded from the Appalachian basin, because, with one 
exception, the marine limestones are, geographically considered, very 
unimportant members of the column. Nor is the occurrence fre¬ 
quent in any field, so far as the writer can discover, though there 
are many localities where the interval is not more than a foot. 
Worth en states that the Coal 1 of niinois usually overlies 2 to 3 
feet of fireclay, but the fireclay is often absent and the coal rests 
directly on the St. Louis limestone. This^ hoAvever, is not of the 
type under consideration, for the case is one of pre-Pennsylvanian 
erosion: the Illinois Coal 5 occasionally rests on a nodular lime¬ 
stone and Coal 6 is frequently in contact with the underlying marine 
limestone. Ricketts has described a number of coal pockets in 
Lower Carboniferous limestone of EngUnd but they do not concern 
the matter in hand, for they arc clearly like the To^va and Missouri 
pockets, in cavities eroded ivheu the limestone was above water. 

Cramptonr* however, has given notes which do concern the 
matter. Presenting the results of studies in East Lothian, Scotland, 
he refers to the lowest limestone as essentially a coral reef with an 
abundant marine fauna. Portions of the surface w^ere converted 

^ J. J. Stevenson, Sec. Geoi Sun% Penn.. Rtp, K, pp, 94, 0^ 116, 

349; Rep^ A A", 1877. PP- 5 i> iTP; ^ Geology Vol, IIL 1B-9, pp! 

18^ 31 n 224, 24p, 2s6. 

“ C. B. Crampton, ^The LtmeGloitc^ of Aberlady, Dunbar ^nd Si ^^Jonans,^ 
Trans. Edwh. Ce^yi Soc., Vob !II., igo5, pp. "Fo&sils and Condi¬ 

tions of Deposits, a, Tlieory of Coal Formaticin/' ibid., Vo], IX., p. 74. 
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inlo white m^rh coiisisling of pulverized coral In most placeSp 
where the horizon is exjiosed, a coal bed is seen overlying this reef 
and often in direct contact with the limestone. Great branching 
Sn'pJWflria^ grew upon the rock, following all irregularities of the 
surface aa they pushed their way through the marl. Limestone 
under brown coal is reported from the Tertiary"* as well as from the 
Quaternary and it occurs frequently under peat deposits of the 
Recent period. Evidently, Sligmaria cared less for the soil than for 
other conditions, just as do many plants of this day. The relations 
of coat to the seat are very like those observed in peat deposits, 
where the accumulation may begin on clay* saudstones limestone or 
even on hare consolidated rock* if only the essential condition of 
moisture be presenL Temperature is not all-important* peat 
accumulates as well in the tropics as in the temperates* wherever 
peat-making conditions exist It fails in the tropics precisely as it 
does in the temperates, when the peal-making conditions are absent. 
The relations were the same in earlier periods, for Wall and 
Sawkins^'^ report their discovery of 37 coal beds in the Miocene of 
Trinidad* of which 3 are workable* with a thickness of 19 feet; 
and this coal-bearing formation was folloived by tliem on the main¬ 
land in an area of 36,000 square miles. And the condition still 
exists on that niainiand. Harrison-* says that tropical peat, known 
as "pegass/" occurs behind the fringes of courida and mangrove in 
many parts of the low-lying coast lands of British Guiana and that 
it is from l to 10 feet thick, though usually 2 to 4 feet. He pointed 
out that, on the pegass land, the alternation of wet and dry seasons 
allowed both marsh and ordinary' plants to grow and that consider¬ 
able areas were covered ivith forest of the Acta palm. 

Stigmarh i$ present in a great proportion of the underclays- 
The manner of its occurrence has been described on earlier pages 
and only passing ref ere nee is needed here. Sorby* Platt and Daw- 

y* GuniLcL *" Beitriige/' etc., pp. 149-151; O, Hccri cited in ‘^Forma¬ 
tion of Coal Beds/' these Psoczeeings, VoI. L, p. 62^ 

P. Walt and J. G. Sawkms* ''Report on Geology of Tritiidad/' Lon¬ 
don, i 860, pp. ii 2 , 197 

"J. B. Harrison, ^'Pegass of British Gniana^^' Qaerc, Joum. So£.^ 

Vol LXin . p- 392. 
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kins have testiHed that, in the cases described by thenip the arrat^e- 
merit of the rhizomas proved not only that the plants are in siiu 
but also that the direction of prevailing winds was the same during 
the Carboniferous as now. The immense extent of roots, spread 
out in normal attitude, as in the plants described by Adamsonp Wil¬ 
liamson, Potonie and others, compels those students to assert that 
no conceivable mode of transportation can explain the phenomenon. 
The interlacing of the roots, slioivn by Schmitz, Crampton and many 
others, is regarded as affording strong eonhmiatoi^- evidence of fVi 
situ growth. Many coal beds are divided by clay partings of 
variable thickness; Silgmaria, at times, occurs abundantly in such 
partings. Robb's remarkable specimen was rooted in such a lens of 
£ reclay* But Sigiliaria and L^pidedendron, to which Stigmaria 
belongs, are not the only coabmaking plants; just as peat is com¬ 
posed of many plants or of different assemblages of plants in various 
parts of the world, so coal in one area was formed of plants unlike 
those in another. There are great coal deposits containing no 
SigUhrh or Lepidodatdron and consequently the onderclay is wwith¬ 
out Stiffififfrpo. 

Occasionally rootlets are found so arranged a$ to make certain 
that the materials had suffered no dislurbaiice. Ward,-^ visiting 
the Saint-Etienne coal field after the Geological Congress of 1900, 
saw many instances in which the finest fibrils of roots of erect 
Cahmiies passed across the planes of bedding dowm the con¬ 
glomerate, which formed the original floor; the condition was re¬ 
garded by him as incompatible with the slightest movement 
Bertrand^’® observed rootlets in siht in an imderclay within the 
Grande Couche at Decazeville; and the writer saw threads of coal 
descending into an underclay in the upper part of the Campagnac 
coal bed of the same basin, which suggested rootlets. Fox-Strang- 
ways” states that he saw rootlets passing downward from the Fpur^ 

*1^ F, Ward, '"The Autochthonous dr Alloclithcmous OKein of the Coal 
and Coal Plants of Central France;' Stitnee, N S., VpL XIL, igoo, p. 1005. 

** P. Bertrand, in letter of January' 15, igtl. 

* C. Fox-Strangways,"'Geolog>^ of South LekestershErt and South Oerby- 

shirc Coal Field.'' Mrm. ( 7 roL Sun.^ 52, 
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foot coal into the itnderclay. D. White, in a letter, says that, during 
his studies in Kansas and ilis&ourii during 1912^ he failed at only 
one mine to find satisfactory evidence of roots m siiu in the under¬ 
clay. At one locality in Kansas, the sandy fireclay contains beanti' 
fully preserved interlaced vertical roots while at others in both 
slates absolutely giood roots are present. 

Bennie and Kidston” found spores abundant in underclays, espe¬ 
cially within tbe first 2 or 3 inches below the coal; they cite two 
localities in which the lower part of the thin clay is barren while the 
upper portion contains the forms abundantly. 

Underclay without coal is by no means rare. Sometimes it 
underlies black shale with plants msHu; in some cases it alone marks 
the Ijorizon which elsewhere show^s a coal bed. In other cases, it is a 
“ forest bed/" marking a locality where conditions did not favor 
accutnulation of plant material or wdiere the coal was removed by 
erosion. Dawson has described many of these and Grand'Euiy- says 
that the phenomenon of vegetable soils U as familiar in the Loire 
basin as it is In Canada. Strahan*^ has given a recent illustration. 
In the neiv South Dock excavation at Cardiff^ n feet of gravel 
underlies 19 feet of browm and blue clay with some sand. In this 
gravel were found several upright stumps, about 2 feet (ligli, “ rooted 
in a black day with stems, the roots extending down into the 
red marl.'" 

Boulders have been found in the underclay. Ashley'^- states that 
the undcrclay of Coal IV. is soft and fine but. In places, full of 
bowlders. 'This is the only American record, aside from an incidental 
note by Gresley, that the writer has discovered, but he has been 
assured that ’ivaterwom fragments do occur in the iinderday. Ap¬ 
parently they are not numerous enough at most places to attract 
attention and the occurrence may be regarded as infrequent. Most 
probably^ the pebbles were laid down on the river plain prior to 

*J. Bennie and R, Kldston, ^On ihe Ocoirrcticc of Spores in the Car- 
boriilerDus Formation of Scotland,"* Pror, i?oy, Soc. Vol. IX., 

1 S 88 , pp. 105, lOJ. 

•'A. Strahan, Geology' of Saulh Wales Coal-Fields*^ III,, 1905, p. 

”G, H. AsbkVi "The Coal Depo^iita of Indiana^' 23d Ann. Rep. Geob 
Surv. Trd.. iSoo, p. 543 
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deposition of the clay, which filled the intersticesp so that they may 
be sought in thin deposits or at the bottom of those which are 
thicker. 

Underclays are often very light in color and many of them con¬ 
tain little iron and less carbon J hut some iron is always present even 
in the most refractory. There is similar variation in the content of 
alkalies. The absence of iron Is believed to be due in chief part to 
decaying vegetation. The deep red shales of the Coal Measures con* 
tain little organic matter, feiv traces of plants or animals. That 
organic acids, formed during decomposition of vegetable materials^ 
give somewhat soluble salts with iron has been knoivn for a long 
time, as was show'n on earlier pages where are recorded the results 
obtained by A. A. Julien and others, ^liller,®* in describing the 
Boulder Clay of Croniartyp Scotland, gave a local itiustration. On, 
the flat moor uplandp where the water stagnates over a thin layer of 
peaty soil, chance sections exhibit the underlying clay spotted and 
streaked with grayish^wdrite patches. There is no difference between 
these patches and the red mass in which they occur, all alike con¬ 
sisting of mingled arenaceous and aluminous particles. The stagnant 
ivater above, acidulated by its vegetable solutions, seems to be con* 
nected witli these appearances. In every case, where a crack gives 
access to the oozing moisture, the clay is bleached for several feet 
downward to nearly the color of pipe day. The surface, too, wher* 
ever divested of the vegetable soil, presents for yards together the 
appearance of sheds of half bitched linen. Davison** observes that 
underclays have the w^hite aspect ivliich one sees in the subsoil of 
modern swamps, and he tliinks that the cause h the same in both 
cases—the removal or transportation of ferruginous coloring matters 
by the deoxidizing or dissolving action of organic acids or of 
organic materials in decomposition. 

Stainier®^ has taken exception to this statement of the conditions 
and has show n tliat of 150 specimens of Begs an unde relays, barely a 

" H, Miller, ‘^Tlie Cmiit of the Btisy" Boslon, 1862, p, 357, 

“ J. W. Dawson, Quart. Jount. GecL Soc., VoL X., 1854, p. 14, 

■‘X- Stainier, "Nous sur la formation dea couches de cliarhon;' BnU. 

Bt'lgr CioL \'o!. XXV., lOtt, P. V,, pp. 73-91. 




STEVENSON--FORMATION OF COAL BEDS. 


49 


dozen failed to become distinctly red on burning. Those which 
failed were mostly sandy and two of them were t>"pical fire-clays.^'' 
He has found that carbonate of iron frequently occurs as kidneys in 
the mur—indeed he regards the presence of such kidneys as in some 
way characteristic of the mur* The immediate provocation for 
Stainier^s discussion w^as the statement by Mourlon®* that “ the mur 
represents the soil on which grew the now buried and metamorpho&ed 
forests of the coal epoch. 'Fhe forests then as now bad the propert)’ 
of taking away the iron disseminated in the soiL^" It is certain that 
Mourlon and Dawson, in their generalized statement, have written 
with too little reserve, for neither one of them could have intended 
to assert that vegetation had removed all iron from the day. One 
reading Dawson's publications sees at once that he w'as familiar with 
the occurrence of day ironstone kidneys in unde relays. Stainier says 
correctly tliat, if coal be of in situ origin, the iron should be returned 
to the soil when the trees die; but it is evident that he reasons from 
condition^ existing in au upland forest, wliich are as a rule very" 
different from those upon which the m doctrine insists. Vegeta¬ 
tion undergoing chemical change in swamps does not disappear but 
becomes peat; only a very small part of LEie inorganic matter could 
find its way back to the mur; it would remain in the peat. The mur 
is merely the soil in Avhich the vegetation begau; before long, the 
decomposing plant material becomes tlie soil and all relation to the 
mur ceases. The conception that trees cannot thrive in or on peat 
is a curious survival^ w^hich retains its place in argument although it 
is contrary to fact* As has been shown in an earlier part of this 
work, the plant life of swamps is not confined to mosses and humble 
plants but it includes large shrubs and great trees. Among the latter 
are some of the noblest forms on the American continent, \vhich 
certainly thrive as well in sivamps as on drier land. Very many 
plants cannot live on the acid soil of peat, but there are very' many 
Others which cannot thrive on soil of any other type. As will appear 
on a later page, accumulation of peaty matter makes possible only 
indirect action on the mur or original soil, and that is due onlv to the 

**M. M&urlon, "Geologic de la Bdgiqtit;' Bruxelleii, iS 3 o, Vol. 1., p. rai. 

pjLoc. AMEH. rum soc, in; ^ n, ruifCTEn i j, 1513. 
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sinking oi dissolved humic and Other organic acids, which reaching ^ 
the bottom may remove iron and alkalies from the day as they do 
from the peat. If the original quantity of iron in the inut was 
small, all or practically all might be removed; but if large, the greater 
part wonld remain. In any event there would be a chemical change 
and the color would become lEghteCp though enough iron might re¬ 
main to become distinct after burning. 

The tinting of underclays depends in great measure on the qnam 
titi- of carbon present. Changes during conversion would remove 
some vegetable matterp but not much, for drainage would be 
chiefly along the surfaces of roots, ^vhich may account for the 
lack of a coal crustp so often observed in Sii^maria. The removal 
could not be c^ctensive throughout the mass, so that if the original 
quantity was considerabk, the clay would he blackened. 

The suggestion has been made that gray or whitish murs are not 
common and that the tint is not original for, at some distance from 
the outcrop, the color is not distinctive- The light-colored English 
clays, it i$ stated, have been exploited only along the outcrop, w'here 
the passage of pluvial ^valcrs would be able in time to remove the 
coloring substances. How effective this plu\dal leaching would be in 
material so nearly impervious as consolidated underclays, the writer 
cannot detenuine. On old outcrops of days and clay sliale at road- 
sideSp he has found little evidence of removal of iron and carbon^ 
There is usually a fixation of the iron while the bleachiiigp as a rulcp 
is insigtiificant—usually apparent rather than real and due to disinte¬ 
gration or powdering. It may be that the English clays have been 
exploited only along the outcrop hut the case is different in the 
Appalachian basin. The tint? are not confined to the outcrop, Gavs 
have been mined at several localities in Pennsylvania md ^laryland 
during 30 to 60 years^ w hile in Ohio and West Virginia similar w ork 
has been continuous for 60 to 80 years* V''cry many of the mines 
work up the dip and are “bone drywith thick cover, at times 
hundreds of feet, through which no water passes. Pluvial leaching 
has not existed there. The clay in these mines at a few feet from 
the outcrop is like that obtained at 1,000 or ^,000 feet farther inside, 
Avith pockets of varying tint and of varying composition—die latter 
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often so serious that great care must be taken in selection for the 
manufacture of high grade fire-brick. A similar condition was ob- 
set^'ed in mines working down the dip, the only difference being that 
tlic effects of freezing and thawing were perceptible to a somewhat 
greater distance. H, Ries has informed the writer that the effect of 
weathering rarely extends beyond 15 feet in a horizontal bed of clay. 

The source of the clays is not always clear. It Is true that clay 
is not always present under coal beds, for those rest indifferently on 
clay, limestotie^ shale sandstone or conglomerate, just as modem 
peat bc^s do, so that for present purposes the question of source is 
of subordinate importance. At the same time, it is not without in* 
terest, for in a great proportion of cases, conditions favoring accu¬ 
mulation of coal followed those favoring deposition of clays. 
Firket s*^ observations have been cited frequently as showing that 
atmospiieric water can convert shale into plastic clay and in support 
of the su^estion that underclays may be due to changes after 
deposit Near Liege a shaft, 30 meters deep, reached an ancient 
mine which had been abandoned probably yoo years before. There 
tlie succession, descending, was Psammile, 0.95 m.; Gray plastic 
clay, 040 m .; Shale, not measured. The clay is very similar to the 
refractory clay of Ardennc. The psanimite had given way, was 
broken and atmospheric water was admitted, which gave to that rock 
a brown tint while it changed the upper part of the shale into 
refractory clay. At aiiother locality, the psammite in ancient work¬ 
ings had become sandy micaceous clay and the shale had become 
converted into black clay. Firket concluded that, under some cir¬ 
cumstances, shale rocks may undergo considerable alteration 5wr 
place. The action of true mineral springs is not required to effect 
change of shale into clay, but infiltration of pluvial waters pene¬ 
trating the ground across a small thickness of rocks may have an 
influence, it is unnecessary in that case to have the action extend 
over a long period in order to change 0.40 meter of shale into plastic 

clay, for not more than 700 years had passed since the ancient mines 
were abandoned. 


, sur place du schiste hoiiilkr 

pjastiquc, Ann. Si>c. de Vol, I., 1&74, pp. 60-^3, 
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The obscr vat ions by Firket are not w ithout interciit butj as he 
recognized, tliey have little bearing on the matters at issue here. 
Shales ofttimes are merely laminated clays and lose their lamination 
when exposed to the atmosphere. There are many roads in the 
Appalachian basin which show deep through cuts in argillaceous 
shale. Less than a century, fret]«ently much less than half a cen¬ 
tury has passed since the roads w ere constructed, yet the period has 
sufficed for conversion of the outcrops into plastic clay. But that 
is not the rjuestion. Tlie Lower Kittanning coal rests on a bed of 
plastic clay, lo to ao feet thick, an excellent potters clav, used in 
tnanufacture of various wares along a line of more than 150 miles in 
Pennsylvania, Ohio and \V est Virginia; a flint clay at the base of the 
Allegheny, 5 to 25 thick, is utilized at many places along a line 
of fully too miles in Maryland and Pennsylvania. No condition 
such as that described by Firket seems likely to afford even a sugges¬ 
tion toward e.>:plalning the accumulation of such deposits, which 
except as to thickness, are typical N’or can one find suflicient ex¬ 
planation for the small proportion of iron in activities of plant Iii>, 
since those could affect only the superficial portion. The features 
seem to be original in the mass and due to tlie work of atmospheric 
apnclcs prior to deposition. Long exposure of rocks causes deep 
distintcgratioii and decomposition, as has been proved bv Russell 

CrosbyandEelt,alrcadycitedinaiiotherconnection. Thew'idelydis 

tributed Kittanning clay followed the Vanport subsidence, which had 
been preceded by a long period of quiet or of local elevation during 
which deep valleys were eroded on the west side of Alleghanla and 
in ^ extended area, no new deposits were laid down. When the 
disintegrated materials were removed, the finest clavs were deposited 
by themselves, carrying with them the impalpable humus of the 
soils. The strange irregularities, exhibited by beds in the closing 
portion of the Beaver, are evidence of a similarly long exposure for 
great areas and afford reason for applying the same explanation to 
the other great deposit. The condition may have been similar else¬ 
where and may account for clays under coal beds as well as 
horizons where deposition of clay was not followed by conditL^ 
favoring acciitTmlaticin of coal, 
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The passage from mur to coal h gradual at most localities; but it 
appears to be rather abrupt \rhere the seat is a sandstone or con¬ 
glomerate, This latter statement is made with reservation^ as the 
writer has had few opportunities to make dctermination+ since coals 
with sandstone floors are seldom of economic importance within the 
areas which he has studied. Ko reference to the condition appears 
in tile literature to w'hich he has had access; bnt the records of cores 
in the anthracite area lend countenance to the suggestion, for in 
many cases, a mere film of clay separates the coal from sandstone or 
conglomerate and the coal is good to the bottom. At some localities 
in the bituminous region, a coal bed is clean apparently to the con¬ 
tact with nnderclay, but in most cases the bottom coal is so impure 
as to be unmarketable. For the most part, one finds a transition 
layer, the faux-mur, betiiveen coal and clay; it may be very thin or it 
may be several inches tliick^ and it may consist of inferior coal or of 
coaly shale. 

In broad arc^s, where the faux-mur is distinct, there b, nevertlie- 
less* an abrupt separatton of the coal bed from the underlying clay; 
but this is not original, it is the result of disturbance. One find& 
this condition even in the western part of Peiinaylvania and eastern 
Ohio, where the rocks vary^ so little from the original horizonlality 
that the dips on the sides of the low anticlinals rarely reach half a 
degree and often for long distances arc much less. Yet even there 
one finds that the coal has slipped under the pressure and that the 
contact between coal and clay is slickensidcd. This is the familiar 
condition everywhere, so that one seldom is able to determine the 
exact relation of coal to mur or the relation belween plants of the 
mur and those of the coal. But the opportunity' fell to the lot of 
Grand'Eury^^ during his study of the Loire basin. He says that in 
coal beds, at their mur and in their more or less shaly partings there 
are roots belonging to various species and that many a lime he had 

C Grand'Eiir>', " Du bassin de la Loire " C. VlII^ Cong. Glcl inL, 
190^ pp, 531, 532 ; *'Sur les conititkoti$ g^nerale^ kI Tunite dc fchnneuion des 
combustibles mineraux de lotii age el de toute espice" C^^mpus Vol 

13a 1904, PP. y 40 “r 44 ^ 
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seen rhizomas of ferns and creeping roots of Cordaites making part 
of tlie coal, tlius binding the beds to the vegetation of the mur— 
which, as he says, contradicts one of his former determinations. 
The lower portion of the coal in such cases is irregular in structure 
but tlic passage from one grade of coal to the otlier is gradual and 
the coal througiiout is composed of the same plants. His belief is 
that the running rhizomas at the bottom of the marsh have formed 
coal in place, along with the fossil humus, which he regards as for¬ 
mation of peat, by which die rooted plants were killed, the stems and 
adrentive roots being found in the coal above. 

The thickness of a coal bed is from a film to many feet. Definite 
coal beds, not more than 6 inches to a foot thick, sometimes mark a 
horizon over hundreds or even thousands of square miles. A thick¬ 
ness of more than 8 feet is unusual in the bituminous regions of this 
country but very much greater beds are reported from some Adds 
in £urope. The Grande Couche of les Pegauds in the Commenlry 
basin attains, according to Fayol, a maxinuitti of 12 meters white the 
main bed of the other subhasin reaches, at one place, ao meters. The 
vast deposits at Decazevitle are in each case at least 70 feet thick 
near that city and apparently about too feet at a few miles south, 
Danncnberg gives the thickness of one bed in Saarbruck as 5 meters 
and of the great bed in the Upper Silesian field as from 10 to ao 
meters. Tlie Mammoth bed of the southern anthracite field attains 
a maximum of 114 feet at tlie easterly end, including only 9 feet of 
partings. In this case, as also in that of the great Redcn bed of 
Upper Silesia, the enormous thickness is due to union of several 
beds by disappearance of the intervening rocks. Coal in any field 
makes up but a small part of the total section. In the middle divi¬ 
sion of the Saarbruck measures, there are said to be 132 coal beds, 
in all 32 or 33 meters thick, ivithin a column of 850 meters; in the 
bituminous region of Pennsylvania, the cohimn is somewhat more 
than 4,000 feet and contains perhaps 30 coal beds with total thick¬ 
ness of 110 feet. 
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Variations in Struct use. 

A coal bed is apt to vary rather abruptly in structure, local condi¬ 
tions having been as efficient during accumulation of coal as they are 
notv during accumulation of peat. A coal bed may consist of two 
or more divisions, the benches or bancs, separated by partings, whicb 
are often more variabte in thickness and compos iLton than the coal 
itself. In some treatises, these benches are referred to as separate 
beds—and with good reason, as will appear after consideration of 
the varv'ing character of the partings and the often contrasting cont- 
position of the coal in successive benches- Occasionally, however, 
definite structure persists throughout a considerable area. Thus 
the Pittsburgh bed> at the bottom of the Monongahela formation, 
shoTiVS roof division, overclay, breast-coa!, parting, bcating-in-coal, 
parting, brick-coal* parting, bottom-coaU 

This structure can be recognized in the northern part of the area 
along a west-northwest line of not less than 170 miles from the 
eastern to the ivestern outcrop in Maryland, Pennsylvania and Ohio, 
exposures being practically continuous for 120 miles. It is distinct 
in an area on each side of the line not less than 40 miles w ide for 
much of the distance and much wider on the eastern side. Yet even 
this remarkahle bed* when traced beyond the limits given, shows that 
it too is variable. Eownocker^^^ has made clear that on the westerri 
side* in Ohio, die structure changes abruptly at a little w^ay south 
from the long west-nortliw est line. The change first appears in 
southern Belmont county* where the roof division disappears and the 
breast-coal becomes irregular. Within a feiv miles, the bed consists 
of coal, clay, coal, there being no recognizable trace of the upper 6 
parts and the clay parting is often a foot thick, whereas in the 
topical section the partings are all thin, seldom more than half an 
inch. The condition, first ob$ers'ed in southern Belmont county* 
prevails southward on die westem side for 90 miles. At some 
localities, the section resembles that seen farther north but analysis 
of the parts shows that they are not the same. 

A. Bownocker, Gcol. Surv. Ohio, jtb Senes. Bu 31 . 9, igoS* pp. 
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1 . C. White*® has given many measurements of the bed showing 
that similar changes are found in West Virginia along the eastern 
border, beginning at a few miles south from ihc Pennsylvania border. 
The Roof division Is wanting almost at once, but that is due to 
erosion prior to deposition of the Pittsburgh sandstone, and at times 
one finds Uie bed complete where the roof was spared. At a little 
distance southwest, where the sandstone has thinned away, the 
changed section is distinct and the bed appears to he merely double. 
It is divided by “bone '* or clay, i to 15 inches, and the benches vary 
greatly in thickness; at some localities the upper one has almost dis¬ 
appeared while at others the lower is almost wanting; here and there 
the bed has a section somewhat like that at the north but comparison 
of the parts shows that the resemblance is only apparent. The 
writer, nearly 40 years ago. thought that the change was merely 
apparent and that he could recognize all elements of the northern 
structure to a great distance soudi from Pennsylvania; but the manv 
detailed measurements recorded by WTiite make that position no 
longer tenable. 

Study of measurements along the northern border of the bed prove 
a variability which was not considered important by the students 
who examined that area. W. G, Platt’s" sections in Indiana county 
of Pennsylvania show that in the extretne northern outliers along 
the eastern side, the structure !$ clear, hut the lower members are 
irregular, becoming indefinite at times, while the Breast-coal in¬ 
creases in importance. Measurements recorded by White and by 
Stevenson" in Allegheny and in northern Washington county show 
that in the outlying areas at the north, the structure is usually 
recognizable but that the bottom and brick are insignificam, the 
bearing-in not always distinct, while the breast, though variable, is 
the important portion. These changes are wholly in contrast with 
those already noted as occurring at the south in both Ohio and West 
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Virginia and indicate a different htstor)' for the bed m the two 
regions, showing that coal accumulation persisted for a much longer 
period at the north than at the south. The conditions afford no little 
justification for tlie recognition of each bench as an independent bed. 
Tlie irregularities of surface indicated bj* variations in the lower 
benches at the north as contrasted with the general regularit>' of the 
breast or upper portion show' that in all probability the area of 
accumulation increased landw'ard toward the nortli by advance of 
the marsh area. But increasing slate partings of extreme irregu¬ 
larity indicate snfficienlly that small streams often fiooded the area 
ivith muddy water. 

The continuous area of the Pittsburgh coal bed was estimated by 
H, D. Rogers*’ at 14,000 square miks, the space embraced within 
the outcrop. I. C, White,** hoive^-er, after study of oil-well records 
of West Virginia and Ohio discovered that the bed is wanting in a 
rudely triangular space within those states and that tlie available area 
is not more than 8,000 square miles. As the coal approaches the 
central area of fine sandstones and red muds, the structure becomes 
unrecognizable and the bed thins to disappearance. The constancy 
of tlie Pittsburgh coal bed is apparent rather than real. 

Abrupt changes in thickness and structure are the rule in ail coal 
beds. They are not startling in the bituminous region, except to 
those who have invested in mines, since the beds rarely exceed 10 
feet; but they are very notable in the southern and middle anthracite 
fields. At one locality in the former, the Mammoth coal bed has 105 
feet of coal in 114 feet of measures; at 8.246 feet toward the cast it 
has only 42 feet in 49 feet; in both the coal is concentrated, there 
being but ten members in each section; but, ;vithin a short distance, 
one finds 40 feet of coal in 53 feet of measures and the section con¬ 
sists of 43 members.** Variations of this type are reported from all 
coal areas in the United States and they are commonplace in Europe. 


r. '"to the Orijfin of the Appalachian Coal 

Strain, Kfpj, Amcr^. Gfoi, and Nafr^ Bdstonp 1843;^ P- 44^'. 

’♦1. C. White. “Straligiaphy of the BSliiminous Coal Field !n Pennsyl¬ 
vania, Ohio and West Virginia," U. S. GmL Swrv, Bull 65, t8()i, p. 64 . 

**C A. Ashburrer, "The CeoTogj- of the Panther Creek Basin’' Sec 
Geol, Surv. Penn., 1S8I3, pp. 96, pS;, ' ‘ 
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Bifurcation of Coal Beds. 

Parallelism of coal beds secins to be regarded as a fundamental 
principle by some of tliose who have discussed the origin and forma¬ 
tion of coal beds. It has been the subject of many papers in tlie 
United States, based on studies in the Appalachian and Mississippi 
coal fields. With one exception, the authors rejected the doctrine 
of parallelism, but most of them r^ogniie that, in some extended 
areas there is parallelism along definite lines. 

The partings between benches of coal beds are usually extremely 
variable but In some beds they show amaiing persistence. The 
bearing-in bench of the Pittsburgh bed is from 3 to 6 inches thick 
and is bounded by partings which rarely exceed one hall inch; yet 
these are present under more than 2,000 square miles, changing little 
in tliickness or in composition. Ordinarily they consist of mineral 
charcoal and almost impalpable morganic matter, but occasionally 
they have so little inorganic material that the coal appears to be con¬ 
tinuous—but the partings are there and the benches retain their 
peculiarities. This persistence in character is, however, a strange 
exception and in most beds the variation is extreme. 

The splitting or division of the Mammoth coal bed in the anlhra- 
citc area has been proved not only by measured sections and drill 
cores but also by continuous workings, w'hich often extend for many 
miles. In the northern part of the Eastern Middle, the Mammoth 
and the next bed below, the Wharton or Skidmore, are in contact, 
but within a short distance the parting has become lt+ feel; in 
another part of the same field, the interval between the beds increases 
from'35 to 200 feet, the workings on each bed being continuous; the 
same beds are but 6 feet apart In the southern part of the Western 
Middle, but farther south, on the north border of the Southern, the 
interval increases gradually to 80 feet. The Mammoth itself divides, 
Near Shenandoah in the Western Middle it is a single bed, 40 to 60 
feet thick, but within a short distance it is in 2 and then in 3 " splits" 
in a vertical space of 150 to 200 feet. In the Southern, the bed 
breaks up, reunites and breaks up again. Sometimes it is a single 
bed but within a mile it may be In 2 or 3 splits in a vertical spate 
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of 175 10 214 feet.** Tlie extreme variaticjns in inlerval have been 
proved by continuous workings on U^e several splits- It is impos¬ 
sible to determine the relations of these changes m interval through¬ 
out the area, as erosion has been energetic in that contorted region 
and the coal beds remain only in a few deep troughs. 

lUustratJons are abundant in Europe. De Serres,*^ in his descrip¬ 
tion of the little basin of GraisscssaCj says that the coal beds present 
great regularity as a whole and preserve their parallelism almost 
constantly. Neve rthel ess, one finds remarkable anomalies in some 
parts of the basin. Coal beds approach each otlicr in some localities 
while in others they are far apart. At times the beds present the 
appearance of a fan, especially well shown in the mines of one con¬ 
cession; in some of those in another concessionp coal beds 3, 5, 6^ 
are almost united* though in other mbicSj No. 3 is most frequently at 
30 meters from Ho. 4. When one considers that the whole basin is 
less extensive than the ** outlying area^' of Pittsburgh coal in Somer¬ 
set county of Pennsylvania* he must be interested by de Serres^s 
loyalty to the orthodox doctrine amid trying circumstances. Gruncr** 
remarks that the parting of tlie Eatardes coal bed is from 50 centi¬ 
meters to 8 meters thick. In the middle portion of the Lower Saint- 
Etienne stage, beds i* 2 and 4 coalesce with 3, which is very thick; 
but at timest 4 is separated from 3 by 24 meters of rock. Bods 3 and 
4 arc frequently united as are also i and 2. The area of this sUge 
is little more than that of a towmship in one of tlie westera states; 
according to the map, it does not exceed 40 square miles. FayoP^ 
has sboivn that the Grande Couebe of Commentry i$ one bed at the 
cast side of the sub-basin but on the west side it is represented by 3 
beds in a vertical section of more than 200 meters. Boulay and 
others have given illustrations from north France. 

“ The oh5erv:itiQris on which th«5e statcrneiUs are based have been sum- 
marbted in‘'Carboniferous of ihe Appalachian Basiti,*^ &iiiLGtoLSoj£.Am^r^t 
Vol. 17, 1906, ppr ai9-22T, 

^ (M) De Serres, " terrains boutikrs du departement de rHcrault/' 
Acad. ScL Montpelier, VoT- Ih p. 3^4- 

“ L. Gmncr. ” Bassin hoiiiner de k Loire," Parts, 1S&2, pp, jis, aao, 
22^ 326. 

** H. Fayo], Ftudes,^ etc., p. 22. 
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Danncnberg** states that the Zach bed of tlie Zwickau (Saxony) 
area is usually froTU i to 4-5 meters thick, but in the western part 
of the field it is represented by 2 beds, separated by 8 meters of rode. 
At Planita in the southwest, the Planitzer bed is lo meters thick and 
the partings are very thin; but these increase toward the north and 
the 3 benches are in a vertical space of about yo meters. He gt\es 
illustrations of similar type from other coal fields. Tlie familiar 
instance is that described by Jukes.” The Thick bed near BiUton 
has about 30 feet of coal in i2 to 14 benches; followed northward, 
the benches separate quickly, so that witliin 5 miles, one finds the 
30 feet of coal distributed in a vertical section of 300 feet, the several 
benches being independent coal beds separated by shales and sand¬ 
stones. The Bottom and the Neiv Mine beds divide in like manner. 
Instances in other British fields have been described by Dugtlale, 
Hotvell, Bolton and several other observers. 

If one consider coal beds separated by considerable intervals he 
finds equally interesting variations. The Upper Freeport and the 
Pittsburgh arc separated by 3SO feet at the western outcrop in Ohio, 
but that Interval increases gradually tow'arcl the east until in Indiana 
county of Pennsylvania it is 600 feet. The Pittsburgh and the 
Wayticsbufg arc t66 feet apart at tlic nortbem outcrop in Pennsyl¬ 
vania, but that interv'al increases southwardly to more than 400 feet 
in northern West Virginia. The increase is regubr in the thickness 
of inten^ening intervals between the Pittsburgh and Upper Freeport, 
for, throughout, the Ames limestone holds its place approximately 
midway between the coal beds; but no such regularity of increase is 
shown in the interval between tlic Pittsburgh and Waynesbiirg. An 
excellent illustration of this irregularity is shown by comparison of 
two sections given by W. G. Platt” from Armstrong county, Penn¬ 
sylvania, which are as follows: 

These measurements are about 18 miles apart and the interval 
between the Upper Freeport and the Lower Kittanning is practically 

“A, Danncnberg. “Geologie dtr Sleinkohkn Lager" 1911, pp. 211, Si 3 . 

“J. B. Jukes, “The South Staffordshire Coal Field," ad ed., 1859, pp. 

“W. G- Platt, See* Geol. Surv. Pctin,, Rep. f/ 5 i < 88 o, pp, SI5, sfi& 
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the same in both, while the interv’ciilng intervals show notable varla" 
tiort. If one should gfroup the sections given in Platt's report he 
would find that while the two coal beds preserve an approximate 
parallelism, the relations of the intervening beds would be indicated 
by lines describing veiy irregular waves. This portion of the Alle¬ 
gheny formation shows the same approximate regular!t>' and tlie 
associated irregularity in other parts of the region. 

The instance recorded by Jukes=* has always been regarded as 
exceptionally perplexing. The “Roofs coal*’ of the Thick bed at 
Dudley rests on the bench below or is separated from it by, at most. 
2 or 3 feet of clay; but in going toward Bilston, one finds the 
interval increasing, o, lo, 37, 55, ia8, 118 and at length, 204 feet 
near Bilston—these changes taking place within a mile and a half. 
Near Dudley one finds the Brooch coal at 95 feet above the “* Roofs 
coal," known there as the “ Flying Reed," and 108 feet above the 
Thick. But where the “ Flying Reed" is 115 feet above the Thick 
It IS only 30 feet below tlie Brooch; so that while tlie interval 
between Thick and Brooch has increased from 108 to 147 feet, that 

between Thick and Flying Reed intervening, has increased from o 
to 115 feet. 

The condition is not confined to the Carboniferous. Lipold« 
found splitting of coal beds by no means unusual in the Triassic. 
At one locality, four coal beds were seen. The first and third con¬ 
verge in a westerly direction, the interval decreasing from 72 to 18 


Suffordshirc Cwil FW pp. 36^40. 
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feet. The variation in position is in the lower or first bed, the 
place of the third rematning apparently unchanged. Tlje third and 
fourth, on the contrary, converge toward the east and eventually 
unite. Bifurcation was observed in other beds and in some cases 
one or more subdivisions thin out to disappearance. The Cre* 
taceovs coals of the Rocky Mountain region show the same feature. 

Some of the features so marked in coal beds are equally char* 
acteristic of peat accumulations. The description by Morton** may 
be cited as representative; the area has only a few square miles but 
the conditions arc those obsen'ed on a grander scale in the great 
marslics of Holland and Belgium. At one local it)- iTorton saw 

Brown anti gray esluariire ^eIc .... ., „ „, , 6 o 

Upper peat ..... 3 6 

Gray silt ........ ^ 

Lower peat, forest btril .. * .. a q 

Botildcr cEay . .. v,.. ___ i 

The peat and sill were deposited in depressions ; they thin out in ap¬ 
proaching the ridges. Sometimes the peat beds unite a$ they rise 
on the slopes and occasionally after uniting they become continuous 
with a surface bed W'hich has never been covered. The lower peat 
shows many trees iw sitii. The peat about each tree is somewhat 
higher than that In the interv-ening spaces. The lower silt contains 
neither shells nor bones. The upper peat, i to lo feet thick and 
at times divided by silt, contains no upright stems but there are 
prostrate stems with twigs and leaves as in a forest. The upper silt 
is sometimes so feet thick, but, there, the upper peat is absent and 
the silts are continuous. On earlier pages many citations w-ere 
made, recording irregularities in peat deposits, such as variation in 
thickness, division or bifurcation of beds, disappearance of " splits" 
by thinning out, even the phenomenon of the “ Flying Reed." 

Rkl^tions of the Benches in Coal Beds, 

The total of coal in the separated splits may he greater or less 
than that in the undivided bed. The partings in the undivided bed 

"G, H, Morton, Further Notes on the Stanton, Inoc anj Frodsham 
Marshes," Proc, Later. Ceoi. Sof., Vol, VI,, tBSOt pp. 50“i5. 
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may represent, in time-value, the intervenini: deposits where the 
splits are tiiost widely separated“in. which case the total thickness 
of coal may be approximately the same throughout. When a split 
loses thickness away from the place of union, it may be that sub¬ 
sidence began at some distance from that place and was, so to say', 
rapid; but where the split thickens, the subsidence was at first ex¬ 
tremely slow, permitting accumulation to continue after it had 
ceased beyond the place of union. Some of the splits increase, 
others lose in thickness. A study of the benches in each split pro%‘es 
independent history. 

One may not regard a coal bed as a single deposit, the result of 
consecutive deposition, broken only by pretty irruptions of clay or 
sand. It is the record of accumulation in a given area interrupted 
by longer or shorter intervals of no accumulation, svhicli are marked 
by the partings. These Intervals in one locality' may be synchronous 
with comimicd accumulation in another. It is very evident that 
this aceumujatiott did not begin simultaneously in all portions of 
the area now marked by a coal horizon and it is equally certain that 
its termination was not simultaneous throughout. Unquestionably 
the opening and closing of the work at any given horizon were 
embraced within a definite period, but one must recogniie that only 
a very small part of the bed may be actually of synchronous origin 
throughout. Study of the benches of the Pittsburgh coal bed has 
led the writer to conclude that very little coal accumulated in 
northern Ohio and much of Pennsylvania until after a notable thick¬ 
ness had accumulated in southern Ohio and in West Virginia, The 
diminishing importance of the portion below the Bearing-iti coal 
seems to indicate a northward advance of coal-forming conditions. 
It is equally clear that coal accumulation ceased after the Bearing- 
in within most of the southern portion, for the Breast is unimportant 
or absent, whereas it continued long lime at the north, as appears 
from the increasing importance of the Breast in that direction 
Changes of similar kind arc shown by the Middle Kittanning or 
Hocking alley coal of Ohio, which has been studied in detail 
throughout an area of more than i,ooo square miles, where it has 
great economic importance. Enough js known to make clear that, 
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in considering the problem of coal accumulation, one has not to deal 
with vast areas, since coal never was accumulating at any one time 
throughout a great basin. 

Relatiox op Coal Beds to Buck Shale, 

Coal beds i-ary in character; frequently coal passes gradually 
into black shale containing laminae of bright or dull coal; occa¬ 
sionally, the passage is almost imperceptible to the eye, the increase 
in ash causing no marked change in appearance. It is a common 
observation that, in the Coal Measures, black shale is almost certain 
to be replaced with coal somewhere. At the Cniontoxvn horizon, in 
the Monongahcla, one finds usually a thinly laminated black shale 
containing scales and teeth of small fishes and some laminae of 
coal; but at many localities within its area of several thousands of 
square miles, this becomes a coal bed which though impure is oi 
local importance. Any coal bed is liable to show this change. Tht 
Buck Mountain bed, near the bottom of the Allegheny in the anthra¬ 
cite area, is worthless within a space of many square miles; the 
Mammoth bed degenerates westwardly and at times is little better 
than carbonaceous shale. Coal beds as they approach the border of 
their area arc apt to show* a greatly increased number of thin part¬ 
ings. usually mud but sometimes sand. Not rarely lenses of sand 
are intercalated, which may he of considerable extent. Such 
changes seem to indicate proximity to upland, whence streams came 
loaded with sediments. They suggest conditions like those which 
are seen within five or six miles west from New York, where one 
finds many times a small area of clean peat surrounded by impure 
material containing layers of mud. 

The origin of the black shale is not always clear^ but it is a sedi- 

ment. The carbonaceous matter, in some cases, came in with the 
sediments as plant fragments, but in others it came rather from 
animal matter. An illustration of the former condition is found in 
the work by Scott,"* who made dredgings in Lakes Ness, Oich and 

**T. Scon, "The t4Khs of the Calecloubn Valley," Seat. Gfaer Mat. 
Vol. VIII.* 1892, pp- *>4 05 - " 
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Lochy for the Fishery Board of Scotland- In Ness, the dredge was 
filled with fine mud containing fragments of peaty matter and pieces 
of partially decayed w'ood- Some exuviae of entomostraca were 
present but no living specimens were observed. The same condition 
was found in the other lahes where no attempt ivas made to de^ 
termine the thickness of the deposit. In these lakes, the water is 
free from mud and is dark brown, owing to dissolved organic matter 
from peat- The streams descend from the Highlands, but the region 
is protected from erosion by a cover of peat, so that only very fine 
silt 1$ brought down. Tlie brown waters pass out to the sea and the 
dissolved materials are not precipitated in the lakes. 

The presence of vegetable remains along with those of marine 
animals in many black shales is by no means proof that the water 
was shallow nor is the association in any sense evidence that the 
water was deep. The observations by Agassii" have been cited 
many times in tins connection as though they contain the final argu¬ 
ment. In reference to dredgings In the Caribbean sea he savs that 
the contents of some of the trawls would have puzzled a pal^ontolo- 
gist; there were deep water forms of crustaceans, annelids, fishes, 
echiiioderms and sponges, mingled with mango and orange leaves! 
branches of bamboo, nutmegs and land shells, both animal and vege¬ 
table forms being in great profusion; so that it might be difficult to 
decide whether one were dealing with a land or a marine fauna. 
Such a trawl from a fossil deposit would naturally be explained as 
representing a shallow estuary surrounded by forests; yet the depth 
may have been 1,500 fathoms. The large quantity of vegetable 
matter, thus carried out to sea, seems to have a marked effect in 
increasing locally ih^ number of marine fnrm$+ 

Whether or not any paleontologist would have reached the con 
elusion suggested for him by Agassiz is scarcely open to dispute* 
the palicontologist’s answer to the query would be unequivocal and 
thoroughly emphatic- Commingling of marine and land elements 
occurs m shallow as well as in deep portions of the Caribbean, with 

riOC AMER, PHIL. SQC Lll. PfcnrTEn MAY 13^ 1913. 
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the distmctioTi that m tht latter there are the forms known to be 
charactdristic of deep sea zones Only. But no such problem as that 
imagined by Agassiz presents itself in the Coal —though 

there are those who believe tlie contrary. Respecting the marine 
forms of the Coal Measures time one tu^v assert positively nothing 
beyond the fact that they are closely related to marine types. 
There is no evidence to prove that they preferred deep water but 
there is abundant evidence to show that they had no objection to 
dwelling in shallow depths; it is sufficiently clear that limestones 
carrying the typical forms were deposited at many localities ivhere 
every feature indicates shallow water and close proximity to a shore. 
This matter has been considered in an earlier part of this work, but 
it may be well to present additional notes here. 

D* Wliite*^ during the summer of tpf 2 found evidence of pre¬ 
sumably shallow water deposition of some Coal Measures Ume5tone$ 
in Oklahoma; Udden has described a brecciated marine limestone 
near Peoria^ lllionis. Ashley*^* found near Merom in Indiana 2 to 8 
feet of conglomerate^ consisting of shale^ sandstone and coal pebbles^ 
bedded in calcareous matter and resting on 2 to 4 feet of marine 
limestone. This conglomerate underlies the great Merom sandstone- 
A stream flowing over the outcrops entered the sea and dropped its 
load of coarse material into the nnconsoltdated upper portion of a 
limestone containing Product us and other marine types. As the 
conglomerate is coarse, it must have been dropped at once wlien the 
stream entered a body of water, Tlie Ames liuiestoiic is impure, 
conglomerate but fossiliferous at a locality in Meigs countv of Ohio^ 
as recorded by Condit; on the extreme western border tn Muskinguin 
county of the same state the Ames is shaly and coarse grained, 
showing none of the characteristics observed farther east, but it is 
fossilifcrous; in Carroll, on the northw^est border, that limestone 
on the extreme outcrop is very impure, coarse grained and very like 
sandstone; at a short distance farther east it is more like limestone 
but at a mile farther it is earthy and disintegrates on exposure. At 
these localities, one is very near the original shore, where the water 

” Letter of October 23, 1012. 
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was shallow and far from clean, but the characteristic fossils per¬ 
sist to the last exposure of the horizon. Bownocker has noted a 
number of localities in Meigs, Gallia and Lawrence counties of Ohio, 
all on the western; border, where this limestone is impure, arenace¬ 
ous, ferruginous or sandy, yet the fossils persist. L C. White found 
the same conditions along the northern border in Pennsylvania, 
Hennen reports that in Harrison county of West Virginia, where 
one approaches the southern limit of the Ames limestone, the rock 
js an impure limestone, often represented only by dark limy shale 
but always containing the same marine fossils. The Coneraaugh 
formation has other marine limestones which are brecciated at 
numerous localities. In some cases the shells are broken as on a; 
siiore. 


The Occvkrexce of C.\xnei., 


The cannels and bogheads differ from true coals not merely in 
structure and composition but also in their mode of occurrence 
Cannel is invariably a local deposit, in the extreme sense of the 
term, though conditions favoring its formation existed more fre¬ 
quently at some horizons than at otliers. Many of the small isolated 
basins in Iowa, Missouri and even in Pennsylvania contain only 
impure cannel, but ordinarily the mineral forms part of a coal bed 
the relation being intimate. Invariably, the deposit is saucer-shaped' 
as thougli occupying a depression in vegetable matter previously 
acenmulated. White*' has described a cannel of much commercial 
importance, though it is confined to only one estate; the mass has a 
maximum thickness of 12 feet and thins away to nothing in alt 
directions. Tlie changes are exhibited in extensive workings. PlatP* 
examined, in Armstrong county of Pennsylvania, three disconnected 
patches of cannel at the Upper Kittanning horizon. The space be¬ 
tween these is occupied by ordinary coal. In each, the cannel is 
from 0 to 8 feet thick; the bottom bench of the coal bed is bitumi¬ 
nous and It IS depressed with the thickening cannel. the slope of the 
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upper surface hting from 5 to 22 degrees; but the top bench, also 
bituminouSj rests on the horizontal surface of the carniel and is regu¬ 
lar throughout, as is also the roof, both showing only the insignificant 
dip characterizing the region. In Pennsylvania, one rarely finds 
cannel at the bottom of a coal bed, but that condition occurs occa¬ 
sionally in West Virginia and it is not infrequent in Ohio. Some 
coaU of the Beaver within Ohio and Kentucky have considerable 
areas of cannel and are spoken of as cannel beds ; but even in those 
the features are the same as in others, excepting as to extenL The 
story is the same in all areas, Hull has shown that the celebrated 
Wigan deposit in Lancashire is saucer-shaped; Green found the 
same condition in the Yorkshire deposits; Da^dd, Mackenzie and 
Wilkinson have recorded many observations showing tliat the Kero- 
sene shale oi New South Wales has similar distribution. The phe¬ 
nomena are familiar in modem sw^amps. 

Distribution of Coal in Relation to tbe Accomfanvikg Rocks,^ 

The distribution of coal seems to be related in some way to the 
character of the associated rocks. In the southern and middle 
anthracite fields, the coal beds arc thick at the northeast, w'hete 
coarse rocks most abound, and become unimportant at the w^est, 
where coarse rocks are less abundant. In the Pottsville of 
those fields, there are thick coals vii-ith pebbly rock above and below, 
though in most cases there is some shale, often very thin, above or 
below the coal. In the bituminous region, coal beds of the Allegheny 
and higlier formations appear to have accumulatetl chiefly on the 
borders of that region^—net as continuous bands, but .at definite 
horizons. They thin away and the horizons become indefinite as one 
approaches the central area, in which fine materials prevail; yet even 
there, coal w^as formed in thin irregular deposits at widely separated 
localities; and tliese petty accumulations seem to be at or near 
horizons which are well defined elsewhere. Coal-making conditions 
did not exist for any considerable period or in any considerable area 
within the region of fine-grained rocks. 

The same relation has been observed in other coiintries+ 
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Phillips,** referring to his studies in Yorkshire, states that toward 
the southwest the limestones thicken, while sandstones and shales 
become thin. The sandstones thicken toward the north, while 
thicken toward the west, In wliich direction certain sandstones and 
limestones vanish. With those sandstones, the coals also vanish. 
Where the sandstones thicken and grow numerous, toward the 
north, in which direction the limestones change from an undivided 
mass to many members, the coal beds augment in number and 
in thickness. A similar condition is apparent in eastern Oklahoma. 

Coal beds seem to be wholly wanting in the Mississippi lime- 
stones of the Appalachian basin. Their absence from this mass, at 
times more than a,ooQ feet thick, including the calcareous shales, can 
hardly be due to ladt of vegetation on the land, for the underlying 
Pocono or Logan sandstone and sliales show definite coal beds from 
central f^craisylyania to Wythe county of Virginia, a distance of not 
less than 400 miles; while the sandy division of the Chester, equiva¬ 
lent to the highest part of the Mississipplati, contains thin coal beds 
at many places west from the old Cincinnatian land. The writer 
has not been able to make sufficient study of conditions elsewhere to 
justify him in offering a gencraliiation; but in the Appalachian 
basin, every obsers-ation indicates that conditions favoring deposi¬ 
tion of marine limestone or of line detritus in extended areas are 
not favorable to the accumulation of coal beds. 

Macroscopical Structure of Co.al ijj Bebs. 

The several benches of a coal bed may show marked differences 
aside from those already mentioned. The coal from one n>av be 
impure, containing large percentage of ash or sulphur; that from 
another may be hard, breaking into more or less regular blocks; 
that from a third may be brilliant, tender; tliat from a fourth may be 
pnsmatic, the rude prisms or columns being readily separable with 
the fingers; that from a fifth may be a solid coal, yet not liard enough 
to bear rough handling; while any one of the five benches may show 
saucer-shaped inclusions of cannel. These variations arc shown in 

on GeoJogy," n^tw ed., I.ondai*, iSsSi Vol. L, 
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the Pittsburgh coal bed and are Uhistrative of those shown by nearly 
all beds. They are associaied with equally marked chemical differ¬ 
ences, which wilt be considered on a later page. 

The coal in all benches has a laminated structure, due perhaps 
in son5e cases to pressure but in others to some other cause. The 
writer has traced laminEe, which tapered to nothing in each direction 
along an entry; whether or not this is characteristic, he cannot say. 
Any one who has attempted to determine this matter in a coal mine 
must have recognized that the intense application required should be 
devoted to something more important. II. D, Rogers concluded that 
in pursuing any brilliant layer, not more than one fourth of an inch 
thick, one may observe that its superficial extent is too great to per¬ 
mit the supposition that it had been derived from the flattened trunk 
or limb of any arborescent plant. It is certain, how’ever, that pres¬ 
sure cannot account for the alternation of brilliant or glance laminae 
w'ith those of dull or matt coal, which one finds almost invariably. 
Usually these layers arc \*cr>' thin, but in many instances they are 
several inches thick. Sometimes tliis lamination seems to be due to 
the presence of mineral charcoal, which covers every surface ob¬ 
tained by splitting, but at others the charcoal is clearly without 
influence, for it lies in all directions. This mineral charcoal is a 
eommon constituent of all the fuels from anthracite to peat, but it is 
not an essential constituent, for layers of glance several inches thick 
have been found without it and Orton''* has described a coal bed of 
w'Orkable thickness which shows no trace of it. 

Fragments of plants, sometimes large, occur in coal. Occasion¬ 
ally they have been converted into fusain but more frequently they 
appear as glance coal,—though even these occasionally enclose more 
or less of the charcoal. Ordinarily they arc flattened, the interior 
having disappeared while the cortex remained to be converted into 
glance. At times, they arc merely impressions on the apparently 
structureless mass of coal, recalling the conditions observed in many 
peat deposits, where the great bulk of vegetable material has been 
changed into the (locky ulmic mass, while enclosed stems of trees, 

•*E. Orion, “Mines of Muskingum and Licking Counties," Geol Surv 
Ohio, Vol, V,. tm, p. SSi, 
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changing more slowly, are still recognizable. These stems are found 
in coals of all types and they are associated very commonly with 
leaves. 

Lesquereux** asserted that Stigmaiia occurs as frequently in 
American as in European coals. In Greenup county of Kentucky, he 
saw a catincl, 4 feet thick, containing such abundance of PtabeUaria 
and Stig-tiiaria tliat he believed the coal to be composed of those 
plants. In another, he found great numbers of Sligmaria and beau¬ 
tiful impressions of Lcfidodfiidroit, Coal beds I. and XII. in 
western Kentucky are composed in places of flattened Stigmaria, 
Caiamites and Sigtliaria with, in I., Ltrpidodendr&n. The Brecken- 
ridge deposit is rich in fine impressions. Long ago. E. B. Andrews, 
in writing of the Ohio and Kentucky cannels, said that Stigmono 
seemed to revel in the ooze which became canncl. Orton" says that 
the upper or bituminous portion of the Upper ilercer coal bed con¬ 
tains the most bcaudful specimens of Stigntario’ nearly everv mine 
car contains what would be a prize in a geological museum/' These 
retain tbeir lateral appendages. Many incidental, possibly accidental 
references are found in other geological reports, but they give no 
details. At the same time, they suffice to show- that remains of trees 
are recognizable in the coal of very many beds and that Stigma fin is 
not confined to the lower part of the deposit, but occurs in all por¬ 
tions in bituminous as well as in canncl. 

Dawson" examined carefully every coal bed exposed in the long 
South Joggins section. Many deposits of inferior coal in Divisions 
3 and 4 are composed of recognizable leaves and stems and there are 
beds of clean bright cos! containing SigiUaria, Cordaites and other 
forms. The stems are almost invariably prostrate, but in one coal 
bed he sa»v a coaly stump and an irregular layer of mineral charcoal, 
“ arising apparently from decay of similar stumps.” In another bed! 
composed of prostrate Sigiiiaria with Cordaites, etc., he found a 

" GeolORj- of Pctinsylvanja," 1858, Vol, IL, pv S41; Third 
Rep. G«ol. Surv. Ky., 1S57, pp, 329, 332. 348; Fourth Rep., ibid., iSSi, pp, 342 
34a. 368. 579, 405, 4 t 3 . 

^E. Orton, Jr., Ohio GeoL Sun,. Vol. V., 18R4 p. 850. 

W. Dawson, ■'Acadian Geoloei," ad cd., pp, 159, ife, ifiS, 171, ly,, 
174. 190.43B 
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stuTfip as nimeral charcoaL while, in another* a trunk was seen, re¬ 
duced to littte more than coaly fragnientSp surrounded by a broken, 
partly crushed cylinder of bark. His study convincecl him that the 
bark of Sigillaria and allied plants gave the bright coal, while wood 
and ba$t tissues jHeld mineral charcoal, the dull coal coming from 
herbaceous plants and mold. 

Goeppert** found in the coal itself not only the plants which char¬ 
acterize the accompanying shale, but also many other species, espe¬ 
cially of Sigiltaria. Tlte coal contains, in areas studied by him, 
Stigmarh, Sigtliona^ CauhpUri^^ Cu/uwnVfj and other types forming 
stratified beds, 30 to 40 feet thick. Of the stems, only the rind re¬ 
mains and that is pressed flat. WTicre the chemical change was long 
continued, the features of the rind disappeared and the coal became 
structureless ; but he often saw^ structureless coal pass into that with 
well-defined structure. At some localities the coal is composed of 
Araucartan stems and 5 ^^^wl^Irfa, while at others L^pidodendrmi is 
so abundant that one can hardly find a piece not containing that plant. 

Grand'Eury*® says that Stigmaria is very abundant in the coal of 
Rive-de-Gier; that Cordaites forms the greatest part of the coal in 
mines near Saint-Chaumond and in those of the Chazotte; it seems 
to be almost the only form in the coal of Tartaras, but is associated 
with ferns at Peron Midi and at Gandillon. At some places near 
Saint-Etienne* Sigiliafia makes up practically v^diok beds of eoa!. 
Conditions arc similar in other parts of Europe. He cites von 
Ettinghansen, who states tliat, at Radnitz* the coal-forming plants 
are Sigillaria and Siigfmna, with Lepidodendrou and Calamites, but 
the latter two as well as ferns are unimportant. Grand'Eury 
found similar conditions at Eschw^eiter, Wurni^ Essen and Saar- 
bmek; Geinitz called the Plauen deposits Caiamites coaL But 
Grand’Eury emphasizes the fact that a coal bed has not been formed 
by any single kind of plant. He remarks that occasional specimens 
of stems are found, converted into carbonized wood* showing the 

•*H. R_ Gotppert, "Prize Essay,*’ 1S48, pp. 69, 70, 7a-?5, 276, 377, PL, 
Fig. XVt 

^C. Grand^Eury, ^ Flore carbonitere dm Deparlemcnt de 3 a Loire et du 
Centre de la France/* ParisK 1 ^ 77 r PP- 21 z* 213, 359, 
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cortcN and tht intra-cortical fusain, which is finer than that from the 
wood. 

Fayoi'® learned to distinguish coal made from Culamodemlroti, 
Cordaitffs Or ferns as readily as he could distinguish a piece of 
beech from one of fir. He recognized dicse tj'pcs first in isolated 
laminae, but afterwards in brilliant lamina occurring in the thickest 
and purest parts of the Grande Couclie. He saw tree trunks in 
Comnientry, some buried in the lower benches of the coal and others 
passing from the coal into the overlying shale. One fourth of one 
percent of the trees in the coal are vertical, an equal proportion are 
inclined and the others are prostrate. Few- trunks in coal are cylin¬ 
drical; where such stems occur, one can prove usually that oue of 
the extremities is in sandstone. 

Dayid/‘ in describing deposits of Kerosene shale, reports that in 
one mine at the end of Megalong ridge, the shale contains erect 
stems of Vfrtebraria; in another, prostrate stems; in a third are 
flattened stems or " barky casings of plants turned into bituminous 
coal, over four inches in width." David saw many vertical and 
prostrate stems of Fer/cfrrtiria iti the Sliale at a locality in Cook 
county. Wilkinson saw at Joadja creek impressions of Ferlebraria 
lying horizontally in the Kerosene shale as well as numerous vertical 
stems of the same plant, whose lustrous, bright substance is in strik¬ 
ing contrast to the dull luster of the enclosing shale. Nathorst 
found stems of Boihrodfttdroit in the Devonian coal of Bear island 
and stems are present in many brown coal deposits as well as in the 
peats of modem bogs. 


Foreign Bodies is Coal. 


The presence of tree stems in coal is normal; but the coal often 
contains what may be regarded as foreign bodies, 

Modules of calcareous clay-iron stone are familiar objects in 
coal beds as well as in tlie Goal Measures shales. They are from 
mere specks to balls a foot or more in diameter. Occasionally they 
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are rudely spherical but for the most part the shale is irregularly oval 
and occasionally even pJate-likc. When enclosed in coal tjeds, the 
lam ins are displaced about them as though the final compression 
had taken place after formation of the nodule; and this feature is as 
characteristic of coals which have not been distorted as of those 
which have been folded. The nodules are often fossiliferous, con¬ 
taining marine shells at times but land forms and plants at others_ 

as those obtained at llazon creek in Illinois, in which are remains 
of many animals as well as plants, all marvelously well preserved. 
Such nodules have been found in the Devxinian, for Mathorst*^ ob¬ 
tained some from shales of that age in Spitzbergen; Lepidodenilroit 
and apparently Bolhrodetidron were recognized in several of them, 
while others contain remains of fishes. 

ilore than 8o years ago. calcareous nodules more or less ferrugi¬ 
nous, occurring in the roof aud coal of a tliin bed in the Lancashire 
coal field, attracted Binney's attention and were made the subject 
of a memoir by Hooker and Binney. Since that time, such nodules 
have been discovered in many lands and have been investigated by 
Students m Europe. In this summary, reference is made only to 
some of the kter publications,'^^ 

Coal balls were supposed for a long time to be confined, in Eng¬ 
land, to a single horizon, the thin Uncashirc coal bed known as the 
Mountain Upper Foot. This, tn the Lower Coal Measures, is at a 
variable distance above the Canister coal bed, one of the most per- 


G, N’attiorsr, "Ztir pal:icoi:oisehcn Flora d*r arfclSachcs Zone,” Hard . 
^Bnnd 26, No. 4, 1004, pp. 11, ij, 

"D, stuf, "Ueber die in Flotzen reiner Stcinkohk enth,iltciicii Sttin- 
„ , Torf-Sphaerosiderite,” Jahrb. d, h. k. Gfot. Rtichsanft., 

PP- el setj : A. Strahan, " On the Passage of a Seam 
ot t,<m] Into a Scam of Dolomite," Quart. Journ. Geol. Soe., Vg!. LVII tgoi 
PP' 397-^1 H. B. Stocks, “On the Origin of Certain Concreliom in the 

^ V% w ^^53; M. C. Slopes and 

n. .M, 5 , Watson, Oti the Present Dislribntion and Origin of the CaTcareotii 
Loncwtions iti Cga! Seams, known as 'Coal Ball*,’" Phil. Traat. Rov i-ae 
Ser B, Vol, aoo l(jo4 pp. W, Gothan und 0. Horitli, “beher 

Anatop der Twfdolomite (Coal Balk) des Carbons in der rheinische Br.tun- 
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distent members of the column. The Ganistcr, when separated bv 
several vards from the upper Foot, contains no balls; but when tlie 
parting is only a few inches, the balls are in both beds. There is no 
regularity in the distribution. The Hard coal bed, near Halifax In 
’iorkshirc and belonging apparently at the same horizon, also con¬ 
tains simitar balls. These concretions have a sLickensided surface 
and the coal lamins curve around them; occasionally a faulted 
specimen is found. In size they vary from an inch to a foot or even 
more—one, near Shore, weighs 2 tons and replaces the coal from 
roof to floor. These bails in the coal contain plant remains in condi¬ 
tion of remarkable preservation. 

The roof shale of tliis coal bed carries abundant remains of 
marine animals along with much fragmentary plant materiaL 
Bullions, bauinpots" or '‘Goniatite nodules" occur in this shale 
and are as characteristic of it as the coal bails are of the coal. These 
roof balls enclose shells with which there are often hits of plants, 
rarely well preserved but at times admitting of generic detemiina^ 
tion, SphErosiderites, answering to the English roof balls or bul¬ 
lions. have been found within the Xord (France) basin in marine 
shales, sometimes resting on thin coals. They, like the English balls, 
contain Conlathes, Productus and other forms; but Barrois does 
not note the presence of similar concretions in the coal. 

Sphaerosiderites were obtained at collieries in the Ostrau coal 
field from the roof shale of tlie Heinrichs and Coaks coal beds; in 
each case the sliale is marine. The balls from the liigher shale are 
occasionally fossiliferotts but those from the roof of the lower bed 
seem to be without fossils. The lower part of this shale, Imwever, 
IS crowded with small balls of pyrite, many of which are fossil- 
iferous, while many shells in tliis portion have been replaced with 
pyrite. The balls, for the most part, are small, very irregular in 
form and often are polished, so that they might easily he mistaken 
for erratics. Sometimes several are united but ordinarily they arc 
separate and are scattered throughout the shale. They are encrusted 
with powden-’ matter, one to two millimeters thick, which is re¬ 
moved readily by washing. When exposed to the weather, their 
concretionary structure soon becomes apparent. 
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The Codes bed contains great numbers of coal balls or piant- 
sphaerosiderttesi Stur obtained several hundreds in a large block of 
coal shipped to him from the mine. These are especially abundant 
in the upper bencli and on the west aide of the area, where the roof 
balls also are most tiumeroua. The temaina of plants in the coal 
trails are always well-preserved but those in the roof balls are in bad 
condition. 

The roof balls, according to Slopes and Watson, have from 4 to 
6 per cent, of clay, whereas the coal balls have often no more than a 
trace. Stnr has given two analyses of those from the roof, which 
are quite dissiEnilat: 


Carbonaie of oakitim ,.. 

CarbonSiie of tnagncsiixim 
Carbctnatc of iron r..... 

Carbonyle of pijinginriesc 
Sulphide of iri[>n 

Clay ... 

[nsdluble matter __ 

Water and loss 

The coal balls show extreme variations in some constituents- 
According to Slopes and Watson, those from Baenp are chiefly dolo¬ 
mite, whereas several of those from Shore show very little magnesia, 
and only 2 of the 5 specimens analyzed have more than 5 per cent, 
of carbonate of magnesia. Stocks analyzed two from Yorkshire 
localities, which gave 

Carbonate of calcEutn ...* 64 

Carbonate of magncsluin .. ^ 5 

Sulphide of iroii ..... 3t 

with small per cent, of sulphate of calcium, silica, day and organic 
matter. Sometimes the ]io<liil€9 contain pieces of fQSsili.zcd wood 
whidi are large enough for study. They also show much variation^ 
4 spedmens gi ving 

Carbonate of eakhim _fifi 

Carbonate of xn^gnesiunn _____ 4 

Sulphate of calciuTTi 
Sulphide of irott 


S4 

S7 

49 

2 

3 

6 

14 

I 

9 

49 

5 



S2 
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with other constituents in small proportion; the fossilized wood like 
the mass of the concretion Ls composed chiefly of carbonate of 
calcium and sulphide of iron- The analysis of Sturms specimen 
differs somewhat; it is 


Carbonate of caldiam 
Carbonate of magtiesium .. 
Carbonate of iron 

Qay .. + .... 

Insoluble matter ___ 

Organic matter, water, to^s 


36uSS 

10.02 

i5<5o 

OJ7 

i5.^ 


butj like the other analyses^ it shows the great freedom from clay 
and silica, which are so important in roof Ijalls. This difference led 
Stur to distinguish the latter as clay-sphaerosiderltcs. 

Except at the Bacnp localitj', dolomite is not the important con¬ 
stituent of the coal halL Strahan’s notes respecting tlie Wiral col¬ 
liery in Cheshire seem to have some hearing on this matter The 
coal there was 4 feet thick and of good quality where opened' but 
within a short distance bands of stone, 1 to 10 inches thick, ap¬ 
peared, some of them consisting of spherical pellets. Within 250 
yards, the coal was replaced with this rock, but the roof and floor 
remained unchanged, save that the former bad become reddened- 
tbis change, however, being unrelated apparently to that in the coal 
The rock is black and hard, but weathers gray; the structure is 
pisohtic and the concretions are sometimes united, at others inde¬ 
pendent and separated by coaly matter. They consist of dolomite 
with some coaly material, iron, silica and clay. Some fragments are 
composed of small masses or irregular crystalline layers, separated 
by fine mud containing quartz and flakes of mica; while others con¬ 
sisting partly of woody tissue filled with dolomite, may be regarded 
as wood fragments, impregnated with and cemented bv dolomite 
When this dolomite has been removed by acid, a copious' residue of 
carbonized fibers is obtainedn 

These balls or sphaerosiderites are concretions formed in the 
coal and shale after the deposits had been made bnt before consoli¬ 
dation. The lamime of coal and shale curve around them and some 
of the concretions were broken during the later compression. 
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Green* m describing the Vorksliire roof balls says that the Con fa¬ 
ff If j, Avkulopccten and other shells enclosed are not flattened as are 
those in tlie shales. The plant material in the coal balls is in wholly 
uncompressed condition, so that the minutest details of staicture 
can be rect^laed—as one may see by consulting Williamson's 
memoirs m the Tramaciions of the Royal Society. Stur found the 
stems of plants not only uncompressed but also, in some cases, not 
wholly decayed, so that the concretions were formed before the 
chemical change had been completed. Slopes and Watson were 
convinced that they had traced a stem continuously from one coal 
ball into another; Wild says that the Lancashire '‘hullions,” com¬ 
posed of fossil wood, occasionally show rootlets working their way 
through the decaying wood, separating the fibers which now sur¬ 
round them. But vegetable frt^ents in roof balls are different; 
as Stur remarks, they are coaled and evidently much changed; they 
tell little of reflations and less of structure. 

But coal balls are not confined to the Coal Measures. Gothan 
having noted that the localities, where the balls had been obtained, 
were all withm paralic basins set himself to discover them under 
other conditions. Petrified stems are common in Tertiary beds 
wliere. as deposition centers in brown coal, they have given oppor¬ 
tunity for concentration. Such silicified or at times pyritized stems 
occur frequently in the HaUe brown coal and in the Rhenish brown 
coal one finds the well-known oolite wood. But these are not wholly 
analogous to coal balls, which are bits of petrified peat, penetrated at 
times ^ roots of vegetation growing above. In searching the survey 
collections at Berlin, Gotlian found a piece of brown coal from the 
Donatus mine near Cologne, which contained spheniles of carbonate 
of iron, the same as the material of the oolite wood. Deposition 
had not been confined to the wood but had reached into the actual 
peat. Specimens were procured from Fliigel, who had mapped the 
area, and they proved to be part of the bed, replaced with material 
like that of the plant-balls described by Stur, Gothan suggests the 
name of Torf-Dolomite, Microscopic examination by Horich showed 
the close resemblance between these forms and the coal balls. ,^s a 

’*A, H. Green. "The Ge4lQg>' of the Yorkshire Coal Field,’’p, log. 
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rule, however, tlic pJant remains arc less well preserved than, in die 
coal balls; tlicj* are so disintegrated that in many eases they are not 
identifiable. Roots are best preserved, probably because they entered 
tvhen the surrounding mass had already become peat. They show 
no trace whatever of compression. Some fragments of steins liave 
great tacunx, indicating that they are of plants belonging to a moist 
habitat. The great variet)' in the plants suggests that the deposit is 
a topical Waldtorf, w'hich accords with the belief tliat the brown 
coals ivere deposited as Waldmoors. 

Tliis conclusion is veiy- similar to that reached by Stopes and 
Watson, who rccognire a swamp vegetation in the coal balls, as, 
indeed, Stur had done long before. Stur had noted the difference 
in condition of the vegetable material in the two types of balls, and 
this difference is emphasized by Slopes and W^atson. Scott had ob¬ 
served that the roof-hall flora, though of Lower Coal lleasnrcs age. 
has no slight resemblance to that of the Permian, and those authors 
think that it is comparable to an upland flora, so that it may be more 
characteristic of tlie widespread vegetation than is that of the coal 
balls. 

I>o]omite, calcite and carbonate of iron are not Uie only minerals 
replacing plant material in concretionary fashion. E. B, Andrews 
and Lesqiiercux found wcod in coal wholly replaced with sulpliide 
of iron, the form being uncompressed; but no microsoopic study was 
made to ascertain whether or not any trace of structure remained. 
The Grand'Croix flints are of the same type as the coat balls and they 
yielded interesting results to Renault, who recognised that they are 
petrified peat. Near Salem in Oregon there arc fossil stems, which 
show all gradations between lignite and silica within a few' feet. 

The source of the material forming the balls has been subject for 
speculation. Balls from the more celebrated localities arc in coal 
beds with marine deposits as the roof, Binney thought the shells 
provided ihe material, but objection was made that the shells are 
not dolomite and that one should look to sea-water as the source. 
.As the roof shales in the Coal Measures localities are marine, sea¬ 
water must have covered them all alike ; yet in Lancashire, the balls 
are dolomite at Bacup. whereas at Shore only one specimen showed 
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as much dolomite as caldte while in three others dolomite is absent 
or insignificant. Dolomite is unimportant in the Yorkshire balls 
but It IS m large proportion in Stur’s specimen, ivhile it is shown in 
small proportion by the roof balls of the same area. It would a!> 
I»ar that sea-water can hardly be regarded as the source, in view of 
the marked variations found within short distances. And this sup- 
gestion IS strengthened bj- the fact that Gothan's Torf-dolomite 
closely resembles in composition the coal balls described by Stnr. 

It may be preferable to seek the source in the materials them¬ 
selves, the inorganic matter forming the shales and the ash of the 
coals. Carbonate of magnesium is found in most of the coals as 
well as m peats and it is often an important constituent of wood 
ash. The varying proportion in the balls may indicate mereiv a 
varying proportion in the shales, depending on the nature of'the 
rock whence they were derived. And this seems to be reasonable, 
when one considers the composition of limestones. McCreath« 
made many analyses for the Pennsylvania survey, which illustrate 
the conditions. The Vanport limestone of the Allegheny formation 
IS of marine origin throughout and is one of the widely extended 
deposit^ Carbonate of magnesium rarely exceeds 2 per cent, and 
very otten is less than I per cent.; but on the northern border, where 
It extends into old valleys and is mingled with land material the 
percentage increases, attaining 6.65 at one locality, A similar 
change appears in the Ames limestone. In Harrison county of W«t 
V irginia, that limestone is approaching its southern limit as a marine 
deposit. It contains in its upper division 25 per cent, of alumina 
and in the lower, 18 per cent, of silica. The influx of land ma 
tenal is very marked, though the marine fossils persist in ereal 
numbers; the carbonate of calcium varies from 40 to 48 per cent 
and carbonate of magnesium from 15 to at per cent.^* McCreath’s 
analyses of Monongahela and other limestones, which from their 
relations must be regarded as non-marine, show that in some cases 
they are markedly dolomiUe and with few exceptions they have a 

' ■*«. PP- 

B, W. Hite, in West Va GcqI, Surv^ Coutify Reps,, ipia, p, 251 . 


STEVENSON—FORMATION OF COAL BEDS. 


81 


l^rge percentage of insoluble residue. Lesley's*^ study of the 
elaborate series of analyses, showing composition of the 115 layers 
of limestone exposed opposite Harrisburg, led him to conclude that 
in this exposure two tj’pes of deposits alternate; one is of limestone, 
with 2 to 3 per Cent, of carbonate of magnesium and i to 2 per cent, 
of insoluble matter; the other, a dolomidc limestone, witli 26 to 35 
per cent, of carbonate of magnesium and the insoluble matter is 
from 7 to 15 per cent. The large percentage of silicate of aluminuin 
is always in the dolomitic beds. The layers analysed are from 3 
fe\v inches to 8 feel thick, are distinctly separate and the extreme 
variations of composition are often in direct contact. One who 
reads carefully the whole of Lesley’s discussion is compelled to 
recognize that the differences are orignal, not secondary, that they 
are due to conditions in the drainage area, not to change in composi¬ 
tion of the water in which they were deposited 

The replacement described by Strahan may be due to mineral 
springs as are the flints of Grand’Croix. 

Remains of animals may be regarded as foreign bodies. Cannel 
often contains abundance of such remains. In such localities, on 
both sides of the Atlantic, it has been a rich mine for the paleon¬ 
tologist. Marine shells have been found in ordinary coal. The 
Harlem coal bed, underlying the Ames limestone, has marine forms 
m Its topmost layer at a localitj- in Ohio as well as at one in West 
Virginia and Raymond found a marine shell in the Kittanning coal 
at a locality- in Ohio. Remains of higher animals occur in coals of 
later age. Anker« examined a brown coal of Molasse age in Stvria 
which so dosely resembles black coal that is distinguisliable only bv 
its geological position and its occasional woody structure. Bones 
are present in 3 layers, where they are very numerous, though frag¬ 
mentary-. A jawbone, retaining the teeth, was recognized as be- 
onging to HytHff. Bones of mammals occur frequently in modern 
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Fragments of rock are the foreign bo<Ites which are the most per¬ 
plexing. The earliest recorded observation seems to be that by 
Phillips in 1865, followed by that of Noe^eraih in i86?, both of 
which have been cited by Stur. Roenicr’* soon afterward described 
3 small fragments from a coal bed in Upper Siksia; they were of 
crystalline rock, unlike anything known in Silesia. E. B. Andrews 
in 1870 announced the discovery of a waterworn quarts ite fragment 
in the coal at Zakski, Ohio, half embedded in the coal. Newberry in 
1874 saw a fragment of takosc slate in the parting of Coal No. 1 
at Mineral Ridge, Ohio, tvhtch he thought might have come from the 
Canadian Highlands; somewhat later he found a rounded quartzite 
fragment in the Block coal, resembling a Huronian rock in Canada. 
Stevenson in 1877 reported the discovery of a waterworn limestone 
bowlder embedded in the Sewiefcky coal of Fayette county, Penn¬ 
sylvania. It was about 2 feet in diameter and extended above as 
ivell as below the coal. He believed that it had not been deposited 
prior to the coal, for that was splashed as tliough the fragment had 
fallen into soft matcnaL Similar notices appeared from time to 
lime but in all cases they w'ere merely casual. 

Stur** in 18S5 gave a summary statement of knowledge re¬ 
specting such occurrences. He notes the discovery by Roemer in 
1883 of a mass weighing 55 kilogrammes, granite such as is unknown 
in the region. He adds instances coming under his own observa¬ 
tion In several Austrian coal fields, but the notes refer to somewhat 
widely s^rated localities and the fragments are of small siie. 
Radcliffe" described 6 bowlders from Dukenheld. England, em¬ 
bedded partly in the coal and partly in the overlying shale, The 
portion within the coal had a coaly crust but no such crust appears 
on the part within the shale, AH arc of quartzite and the weight 
was 5 to 166 pounds. One specimen was on edge. W. B. Dawkins 

^F. Roemer, "Ueber das Vorkommen von Gneiss-tind Cranulit-Gcschiehen 
in eincm Sleinkohlentlotre oberschlesiens.,'’ Zeitsdi. DnUeh. Ctal. Ctfdl., 
Band XVL, 1864, pp. 615-61 

•D. Stur, “Ueber die in FtStMn rciticr Stcinkohle enlhallctien Stein- 
Rundnias^eUp” tic., pp. 6 tj-^7. 

";.Radcliffe,"Oii Grooves and Quartzite Boulders in die Roger ^f^ne of 
Dukenfield," Quort. lourn. Cetri J«.. Vol. XLIIL, 1S87. pp, 601, 60J, 61x4. 
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remarked in the discussion that such fragments occur frequently in 
Lancashire and that all are of quartzite; Benney made the broader 
statement that they are of common occurrence in coah Iji the same 
volume, J. Spencer referred to a granite fragment, ‘weighing 6 
pounds, which had been found in the Canister coal bed and he adds 
that the surrounding coal was itndistiirbed. He remarked that 
bowlders had been found at many localities* that they were always 
isolated and that they had come from a distance, Gresley in 1890 
reported that a w^ell-rouiidcd quartztite bowlder, 11 by 8 inches, had 
been taken from nnderclay at J foot below the Mammoth coal bed 
near Mr. Carmel Pennsylvania. 

Ortoii'^ says that prior to 1892 the Ohio bowlders had come from 
the iliddle Kit tanning coal bed at Zaleski. The first w'as dis¬ 
covered hy Andrews in 1870, bnt many were discovered afterwards* 
there being at limes scores in a single room. The largest weighs 
400 pounds and is in the Stale museum at Columbus, A new hori¬ 
zon was made by finding a quartz bowlder^ weighing 10 pounds and 
10 onticqs^ at Mineral Kiclge. It was in undisturbed coal at 2 feet 
below the roof and it was covered with a closely adhering, slicken- 
sided crust of coal. Stain ier®^ gathered observ ations made hy him¬ 
self and others in the Belgian fields. Some of the fragntents are 
rounded and smooth^ evidently rolled pebblesp while others are 
irregular in form like concretions* but composed of sedimentary 
material and so are to be regarded as foreign bodies. Pebbles of the 
former type i.vere obtained at 8 localities. They are not rare in 
La Rochelle colliery of Clmrleroi at the soo-meter level but they arc 
wanting at the 250-meier level. The bed yields an impure coal and 
earthy partings are numerous where the pebbles occur. The largest 
is oval, 14 by S by 8 centimeters, Sclmiitz obtained rounded frag- 
menls from localities in the Charleroi and Centre basins, and Lohest 
found them in the Liege basin. The largest specimens w'etgh 20 and 
25 kilogrammes. It is noteworthy that the Belgian fragments are 

F-. Orton, ' On the Occiirrencfi of a Quartz Bowlder in itie Sharon Coal 
of Noi^eastem Ohio,'" Jwrn. 111 ^ VoL XLlV,, 1S9J, p. 62. 

StainScr, ^'Oii the PphhJcs FouEtd in Be!|pan Coiil Seams/* Truni 
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of sedimentary origin; some resemble Carboniferous rocks and all 
are m coaly material These records seem to suggest that pebbles 
are not abundant in coal and that they are even of comparatively 
rare occurrence—the instances noted by Orton and Stainier are 
not exceptions, as they are examples of extreme localization. 

llarrois** undertook systematic study of the matter in a definite 
area and presented the results in an elahorate memoir, of which only 
the merest s)mopsis can be given here. Most of the fragments were 
obtained during a four months' exploration of the Vetn-du-Nord, a 
double bed, sboiving great constancy in the explored area, which is 
7 kilometers long. The upper bench, 0.25 meter thick, has 14 per 
cent, of volatile and only 2 per cent, of ash, while the lower bench. 
0.35 meter thick, has 17.2 per cent, of volatile and 10 per cent, of 
ash. The rock fragments are coated with soft sooty coal, often 
pyritous, and the lamination is more or less distorted about them. In 
all. 295 specimens were secured, of which 86 per cent, were derived 
from Coal Measures rocks, a few from Cambro-Silurian deposits 
and nearly n per cent, from the distant Archaran. The largest 
fragment weighs about jao kilogrammes or approximately 280 
pounds. The great preponderance of fragments from the Coal 
Measures shoivs that outcrops of those rocks were not far away, 
so that at the time of the Assise d'Andenne^-the Lower Coal 
Measures— the beds of that epoch were no longer mere muds and 
sands, but consolidated shales and sandstones; some fragments 
show even the jointing of contraction, Many are tlioroughlv water- 
worn. others are angular, and both types are mingled indiserimH 
nately. In some other coa! beds of this region, fragments have been 

found in the mur, coated wdth clay which is marked with lacework 
of Stigmarm rootlets. 

F^nts w,re found in all portion, of the M, f,™i boti™ 
rop. bnl thr npper bnnrh jiddrd 50 W , 

The |».nl»r a^ra,:., only ..nh »j„are meter, of area, 

to the datribnlron „ .rregnlar and they oeenr, as it »em, 

The nmre abnadant ocenrtenee, are associated rvith contraction, of 
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the bed, where the roof or the undcrcl^y replaces more or less of the 
coal. Rolls in the roof usually consist of material differing in char¬ 
acter and arrangement from the overlying shale, as though deposited 
in channels of streamlets made after formation of the coal. The 
underclay swellings may have been laid down in drowned ehannels 
made anterior to formation of the coat and occupied after that 
formation had been begun. Variation in direction of channels 
during accumnlation of the beds might account for distribution of 
the fragments but the existence of such waterways ivithin this area 
is problematical and it is well to seek another e.'cpianation. 

Phillips's hypothesis that the fragments were transported by 
trees, uprooted from hanks of streams, has found favor with alloch- 
thonists and autochthonists alike ; but there are serious objections to 
it. The weight of some fragments, upwards of lOo kilogrammes, is 
too great to admit of transportation by Sftpmaria, while the presence 
of blocks of mud would suggest that hollow trees had shared in 
the work. In any event, there would always remain the remarkable 
purity of the coal, so dilhcult to explain in X'iew of the great amount 
of inorganic material known to be transported by floating trees. 
There seem to be insuperable difficulties in the way of a conception 
that the presence of fragments is due to the agency of trees grow¬ 
ing outside of the area in which coal was forming. Objection to the 
hypothesis of transport by floating ice is equally serious. Beyond 
doubt there were widespread changes in climatic conditions toward 
the close of the Palaeozoic, but attempts to reconcile the tropical 
character of the Nord-basLn flora with a cold climate have not been 
successfuL The markings on the fragments do not resemble those 
made by glacial action. 

The presence of fragments in the iiiur is proof that they were 
brought in prior to formation of the coal, when streams were dis¬ 
tributing the detritus which became the mur, Sligmariar became 
rooted in that and enlaced the fragments, which some day they were 
to transfer to the coal. The fall of trees, overturned in the marsh 
by age or wind, tore portions of the mur from below; fragments, 
there encased, came gradually to the surface of the coal; at times a 
stump fell into a stream and its load would be deposited in the 
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channel. This hypothesis explains local abundance of fragrrienls bv 
two factors ; their previous existence in the mur and the fragility of 
the mur itself; so that they would form in succession part of the 
mur and part of the coal. The purity of the coal eliminates, during 
formation of the bed, the agency of convoys of allochthonous trees 
loaded with extraneous debris. 

The condition is not peculiar to the Coal Measures, It is found 
in coal formations of other ages. Hutton** found in the Upper 
Cretaceous of southern Xew Zealand a sandstone mass, 8 feet by 
resting on the coah which convinced him “ that there can be no doubt 
that this boulder has been floated to its present position among the 
roots of a tree and that therefore the coal beds are formed partly 
from driftwood.” He states the Tertiary brown coals in several 
fields contain pebbles of white quartz; these beds, according to 
Hector, rest on fireday, Jack“ found pebbles in coals of Upper 
Cretaceous age in Queensland, 

The presence of rock fragments in coal has always been per¬ 
plexing to allochthonists and autochthonists alike, though each seems 
to be certain that in some way or another they afford an important 
argument in favor of his doctrine. They are certainly transported 
materials; some were brought from rocks far away and most of 
them are distinctly waterwom. If all were small, any geologist 
could conceive of an explanation, which would be satisfactory' to 
himself, as refutation might be difficult; but when one has to deal 
with masses of several hundred pounds, such as the Ohio blocks, 
transported several hundreds of miles, the problem becomes serious! 

Some writers have been inclined to regard ice as the trans|)orting 
agent; but the character of the Coal Measures vegetation appears to 
be conclusive against the supposition that intense cold prevailed dur- 
ing any part of the year at any locality whence the fragments have 
been reported. It is very true that sharply contrasted climates may 
exist only a few miles apart, as in southern California, but that 


“F. Hatton, * Report on Geology and Gold Fields of Otago." Dunedin. 
1873. PF HU, 103. 

aid PalBontoIogy of QueensTmd and New 
Guinea. London, i%3, pp, jjd, 538. 
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condiiEon requires topographical features ivhich did not exist. The 
whole Coal Measures area ot Ohio was a low plain: the nearest 
highlands were in Canada, hundreds of miles toward the nortli, and 
the Appalachians, hundreds of tnUes away toward the east. The 
agency of ice must he set aside as in the highest degree improbable. 

The majority of authors have supposed that uprooted trees 
floated away tarrying the masses entangled in their roots; but the 
difficulties involved in this conception appear to be insuperable- 
There can be no doubt that trees do seize such blocks and that under 
proper conditions they could transport them. Any one, who has 
seen the manner in which the white birch of the WTiite Mountains 
envvraps its roots about blocks of stone w^eighing half a ton or more, 
recognizes that trees do seize large fragments. But that is not the 
question. The obsen-er is confronted at once with the problem of 
conveying that tree and its load to deep whaler, sea or lake, where 
the great tree, 75 or more feet high, may float in vertical position, 
almost wholly sutimerged. Trees grow on the land, where alone the 
fragments can be obtained. The transfer cannot be made by tor¬ 
rents, as tree and load w^ould be deposited at the first rapids. A 
debacle* like that of Martigny or Johnstown, cannot be conceived of 
as the agent, since a topography would be required such as did not 
exist near any of the extensive coal fields w^hence large fragments 
have been reported. Even had it existed, the terrific collisions, as 
the flood dashed through narrow gorges and spread out in wider 
portions of the valley, would have dislodged the fragments long 
before reaching the open water. The bowlders cannot be relics of 
floating islands, such as those of the Orinoco, Amazon or Congo, 
since the origin of tliose islands forbids the suggestion." Nor is 
there any reason to suppose that trees growing on the seashore could 
become the transporting agents, for* even though river-worn or 
wave-worn fragments were abundant on the shore, the difficulty of 
transferring the tree to deep water would still remain. If the trees 
grew' on the river banks, along the lower reaches of a great stream, 
and w ere undercut, they would be stranded at tlie first bar to become 

"^Formation of Coal Beds,'' tlie^.PuoctEDixos, Vol L. 1911, pp. 5^1, 
SSJi 554- 
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snags or tow heads, which even the greatest flood possible on such a 
river could not dislodge, as conditions along the Mississippi abun¬ 
dantly show. It is impossible to conceive of any means whereby a 
tree capable of carrying such a load could be floated away to deep 
water> unless it grew on the wall of a fiord—where it could not 
Secure the water-worn fragments. 

The assumption that shales, sandstones and congtomerates were 
deposited necessarily in deep water or in a permanent body of water 
must be regarded as unsupported by any positive evidence. The 
writer, during a tedious search througli the literature, has not found 
that authors think that the proposition needs evidence; it seems to he 
accepted as axiomatic. But evidence to refute the doctrine atiounds 
in the Tertiary anti Qiiatemarv and, in so far as the Appalachian 
Coal Pleasures are concerned, the facts seem to indicate that they 
are flood-plain deposits and reworked alluvial fans. This condition 
may afford a clue to explanation for some of the occurrences. 
Rivers, torrential in their upper reaches, flow-etl across the plain. 
Rolled fragments of varying size were piislied along the beds. 
Pebbles of quartz," 5 inches in diameter, have been found in the 
Sharon of southern Ohio at not kss than 300 miles from their 
source. During a great flood, if the stream were dammed tempo¬ 
rarily, the water would sweep over the ■' bottoms" or break across 
the necks of curves; a new channel would be cut, the old channel 
above for a sliort distance would be scoured and its sand and pebbles 
would be strewm on tiie river-plain. This happens only too often 
along the Mississippi, as has been shown on preceding pages. In 
such a rush of water, 3 block of 400 pounds would be gathered U|> 
in the mass as readily as though it were a pebble; but gravity would 
act promptly and the coarse fragments in the load would be left scat¬ 
tered on the surface while the finer materials would go far beyond 
Succeeding floods would cover the sands and gravels as well as the 
larger fragments with finer materials in which the larger river-worn 
masses would be widely separated, for the most part, though here 
and there they would be grouped in smaller areas. One finds this 

•*E. B. Andrews, .Ann. Hep. GeoL Surv. Ohio, 1870. p. ft- 
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condition in the “ bottoms "of brge and small streams alike. The 
fragments in the underclay, mentioned by Barrois, Ashley and 
Gresley, were not deposited with the clay but before it: their dis'' 
tribution is wholly similar to what is seen now. The mode of 
transference to the coal, as described by Barrois, is in accord with 
what one may see in actual bogs; once transferred by plants rooted 
in the under clay, they would be removed successively into higher 
portions by plants rooted in the bog — for there is every' reason to 
believe that the Coal Measures plants had as much liking for peat 
soil as is shown by many towering plants of the present day. 

At the same time, the writer recognistes that the suggested ex¬ 
planation is not ahc^cther satisfactory at some localities, where the 
required conditions cannot be proved. 

Microscomc Fe,^TUREs OF Coal. 

The unaided eye can discern many features of coal in the bed; it 
can group types into glance, matt, eannel, fusain; at times, it can 
find relations between a certain type of coal and the plants which 
produced it, so gaining insight into possibly contrasted origin of- 
glance and matt coals; it can recognize great difference of physical 
features in the several benches of a coal bed, w'hicli lead to convic¬ 
tion that each bench may have had its own peculiar historv, may 
have been formed under its own peculiar conditions, very different 
from those of the other benches. But one quickly discovers that 
intimate stricture of coal can be ascertained only by aid of the 
microscope, since to the unaided eye, the great mass of coal is wholly 
structureless. 

Nicol and Wilham appear to be the first to apply this method of 
investigation, which Witham utilized especially in studying the 
structure of fossil plants. Hutton was the first who made a study 
of the coal itself. In a slice of coal, prepared by Witbam, Hutton** 
obseni'ed some remarkable cells within the portions tvhich shoived no 
vegetable structure. He made sections of the coals mined at New- 

** W. Hutton, “ Observations on Coal,’' Proc. Croi. Soe, London, VoL L. 
1S34. pp. 415-417: also in Lond. and Edinb. Phil. Mag., Vol. II., (813 pp' 
jaz"304- 
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castle. These are, i, Rich cakitig coal, which is the most abundant 
and the best in qualit}'; 2, Candel or Parrott or Splint; 3, Slate coal, 
consisting of the others in alternating layers so as to give a slaty 
Structure. Vegetable structures can be recogniaed in all; but be¬ 
sides this, all show cells filled with wine-colored rnaterial, so volatile 
that it can be e-fpelled by heat before any change takes place in the 
other constituents. The caking coal contains very few and those are 
elongated; he supposed that originally tlicy were circular and that 
the citanged form was due to pressure. The finest portions of the 
coal, in which ''crystalline" structure is best developed, show no 
cells; the crystalline structure indicates a more nearly perfect iiiiton 
of the constituents, a more nearly complete destruction of the original 
plant texture. The Slate coal contains two kinds of cells, both filled 
with bituminous material; one kind is that seen in the raking coal, 
but the other is in groups of smaller cells, elongate circular in form. 
Tile first type occurs rarely in cannels and related coals, wliere the 
whole surface of the section is covered with an almost uniform 
scries of cells of the second type, filled with the bituminous matter 
and separated by thin fibrous divisions. He was led bv these fea¬ 
tures to believe that difference in coals is due to difference in the 
original plants. Another t\T)e of cells, empty, seem to have contained 
gas. It is clear that hlutlon recognized a structureless portion of tlie 
coal containing plant fragments, of which the texture is still recog¬ 
nizable. He made no effort to explain the origin of the bituminous 
material. 

Link** found vegetable structures tti all coals and recognized 
that coal is made up of woody matter, usually much eoniminutcd; 
but in some the structure is loose like that of modern peats, while 
others are dense like some denser peats of modem origin. Bailcv in 
1S46 and Goeppert in 1S4S described vegetable structures in coal, 
Dawson’s^i first important publication bearing upon the subject was 
in 1846 but his studies were continued for many years thereafter. 

"H. Link, '‘Ueber d«i Ursprang der Steinkohlen und Braunkahkn 
nach nitkroscopijchcn UntersucliutiKen," fe. IVisj., pp. 33-44. 

" J. W. D.ivison. " Notices of some Fossils found in the Coat Forfnation 
of Noifa Scoria” Quart. Jovm. GevL Sec., Vol. Ill, 1846, pp, 132.146■ 
"Ac;i€ji3iTi ad ed., 1873. pp, 393. 
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He rejected the use of prepared sections and resorted to tlic chem¬ 
ical treatment employed by Goeppert. The coal was broken up and 
the vegetable tissues were separated so as to exhibit their character¬ 
istics. He selected for study only specimens which in each case con¬ 
sisted of a single plant, so that he w'as enabled not only to ascertain 
the structural features of many forms but also to determine in great 
measure the share which each type of tissue had in making the coal- 
Reinsch, in iSSi, utilizing prepared sections, elaborated Hutton's 
work and discovered great numbers of what he took to be very 
litimble fonns of vegetation. 

Grand*Eur>-®=* laid emphasis on the vast proportion of amorphous 
material, the vegetable jelly* which hohls the still recognizable plant 
remains. Clearly* much of the vegetable material was transformed 
into a kind of pulp, which forms a large part of the coal. '^The 
great number of organs preserved in the form of teguments gives 
an idea of the quantity of vegetable jelly^ which one finds to have 
formed the coal, hi proportion to the epidennis material which i$ 
contained ihcre."^^ Tliis jehy was not always so fluid or so homo¬ 
geneous as to destroy all traces of vegelatlon for those are still recog¬ 
nizable. In the following year* von GumbeR* pubtished the results 
of his elaborate studies of die fossil fuels from peat to anthracite. 
Throughout the whole series he recognized the amorphous material* 
Carbohumin, clearly the vegetable jelly of Grand'Eury , the pulp of 
H* D, Rogers. He employed chemical processes to disintegrate the 
coals and to lay bare the vegetable structures* remaining In the en¬ 
closed fragments. He was enabled to show that w'hile the glance 
coal consists of different kinds of vegetable matters, the predominat¬ 
ing substance is the parenchymatous cells of the rind, along with 
tissue like wood, parts of leaves* epidermis flakes, separated disks 
and spore-like bodies, the whole enclosed in amorphous material. 
It is probable that the plant remains have been converted so thor¬ 
oughly into homogeneous coal that determination of any vegetable 

“COnmd'Euo', Mtmotre snr Ea Iransformation dc la lioai|lc”/Jnn. des 
VIIl., VoL L, 1882, fi. 

■*c W. von Guiubiil. " Deitragt lur KenniJiiss dur Texlurvcrhaltnisic der 
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structure is ven- difficult. The matt coal consists mostly of prosen- 
ch>niatous cells, which von Giimbel thinks derived from parts of 
leaves; much epidermis material is present along with spore- 
like bodies and broken fibrous coal. His conclusions in respect to 
these matters are like those reached by Daw^soo. Von Ghmbel 
proved definitively the intimate resemblance of cannel, boghead and 
other forms to each other and to the I^bertorf of East Prussia. He 
recognized atgat-like forms along with spores in bogheads and 
cannels, thus anticipating much which has been published in later 
years. His figures illustrate well the characteristic forms, but evi¬ 
dently he had doubts respecting the relations, as he refrained from 
applying names to the forms. 

ilorris* Wethered and others early recognized spores in coal and 
some were inchned to attribute to these a very important share in 
the accumulation of cqal beds. They seem to be in all coals. 
Nathorst"*^ found macrospores very abundant in the great coal of the 
Devonian on Bear Island, south from Spitzbergen. Wethered and 
some others were regarded by Xewherrj' and by Dawson as plating 
too much stress on the contributions by spores; while recognizing 
that spores are almost always preseiil+ and at times even in large 
numbers, they thought that these hardly deserv'c consideralTOn as 
important constituents of coal. Kidston*"^ has presented the matter 
in a simple way, wduch seems to meet requirements. lie says that 
the quantity of spores from the lycopods was unquestionably enor- 
mousp and that they entered largely into the formation of some coals. 
There are bands composed wholly of megaspores and of micro- 
sporeSp varying in thickness from a mere membrane to a centimeter 
or more. In coal broken transversely, they give a zoned appearance, 
the bands of spores being distinguished by their dull color witliin 
the brilliant coal. 

Van Tieghem,*'* in studying sections of Bint concretions prepared 

'• A. G, Nathorst, der devonischen Flora der Baren Insel,'" HisndL 

K. Svenj. Vf t Akad.^ B. 3^, Na 3^ ipoz, pp. 40-4S. 

“R. Kidsiert, ""Les v^etaiix houitkrs recuciHis dans le Hainaut beige,'" 
Mem. Mui. Roy. jVo/. de Belgique^ Tonic IV., 191J, p. joR 

van Tieghcm, "*Sur le ferment butyr]c|,ue (BaE^illus amylobacter) a 
I'cpoque de la houillt/* VoL §9^ 1879, p. tioi. 
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by.Renaultp tnade the capital discovery that bacilli existed in Coal 
^kleasures time. Renanlt elaborated this observation afterwards in 
some memoirs which are captivating in style. The studies of bog^ 
heads and related types by C. E. Bertrand and Renault fully con- 
firmed the results presented by von Gumbel, while more recently 
new confinnation has come through the investigations by Potonie. 

For the most part conclusions reached after microscopic study of 
coal concern chiefl}^ the question as to the origin of the coal; some 
of them w ill find place on a later page. It is welh howeverp to con¬ 
sider the origin of the mineral charcoal or fusain, as that material 
has been deemed important in some of the hypotheses which will 
demand atienHon. It is present throughout the series of fossil fuels^ 
even in peats, somqtimeB scattered in fragments, minute or consider- 
able^ scattered throngh the mass^ at others forming distinct layers 
more or less persistent and up to 2 or 3 inches thick. Two partings 
in the Pittsburgh coal bed, continuous in an area of not less than 
2,000 square miles, consist in most of that area of mineral charcoal 
mingled with impalpable mineral matter. The term mineral char¬ 
coal well describes the malerial; the vegetable structure is distiiictp 
the substance is soft and soils the fingers. 

Rogers^^ thought that leaves and fronds w^cre brought to the 
marsh by winds or tides and that such parts as were not reduced 
quickly to condition of pulp, might remain as mineral charcoal, if 
the volatile constituents were removed rapidly. Three years latqCp 
Daubr«^" studied fibrous coal from Saarbruck near Altenkircheq. 
Some specimens are pure black, with the fibers very fine, and resem¬ 
ble charcoal but are more tender; the fragments arc irregular, 
angular and show little rounding of the edges. Tlierc is no transi¬ 
tion between this and the surrounding coal and, according to 
Schimper, the fibers suggest those of coniferous wood* At the same 
tocality is a dense type, less black, less brittle but very like charcoal; 
it contains 48 per cent, of ash. The material bears no resemblance 

** H. D. Rostra* " OrigiTi of Appalachian Coal Strata/’ clc., p. 462, 

" A Dauhrie, " Ejcatncn de churbons produln; par voie ignee h tVpDt|iic 
houiltere et a Tepoque lia^iquc,’' BhW. 5 or. GioL di Frnnrf, II., Vol, Ml., 1846, 
PP- 
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to cok«, to coal changed by dikes of igneous rock. He ts certain that 
this fibrous coal could not have come from spontaneous decomposi¬ 
tion of fibrous twigs, for in that case it would be like the enclosing 
coal. It is remarkably like the ordinary wood charcoal made by 
fire and it differs from coal as well as from anthracite by the struc¬ 
ture and the volatile content. The ash varies from a trace to 70 
per cent. He tiiinks that this fibrous coal is evidence of fires and 
refers to a great conflagration in 1844 near Saint-Leon in Landes, 
which was caused by lightning and destroyed 100 hectares of forest 
In the discussion, A. Pomel dissented from Daubree s conclusions 
because the quantity of this anthracitic fibrous material is too great 
to be the result of forest fires. 

Dawson in 1S78 summed up his conclusions wliich had been 
published in various forms in the interval from 1846. There is no 
possibility of accounting for a substance, so intimately mixed with 
the coal, by the supposition of conflagrations or of subterranean heat. 
The only satisfactory explanation is that afforded by the chemical 
clianges experienced by woody matter, decaying in the presence of 
air, as described by Liebig. Mineral charcoal results from sub¬ 
aerial decay, the compact coal from subaqueous putrefaction, more 
or less modified by heat and exposure to air. 

Grand Eury“» found fusain present in great quantity scattered in 
small patdies throughout the ™1, Stems of Mcdttllosj and Dad- 
o.rvfn« arc often carbonized and whole trunks of Calainodcndron 
have been found converted into fusain enclosed in a crust of coal, 
Fusain is like charcoal; but some of it was exposed to moisture and 
dn ness alternately. The subetivision of the material suggests the 
breaking up of wood in dry air; he thinks it indicates an extreme 
climate, for one does not find fusain in recent lignite or in swamps 
of today, but be has seen it in the older lignites. In any case it came 
at first from disintegration in air; other causes cooperated, but 
maceration does not give fusain. 

\^on Gumbcl's conclusions are similar; the mode of occurrence 
its peculiar disintegration and its Iwse structure show that it was in 
completely converted condition when taken up by the coal. He is 

"C. Grand'Eury, ‘'Meinoire sur la formafion," etc., pp, 106, 113-115. 
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inclined to be1i«:ve tliat it was formed in free air, exposed to heat and 
moisture, FayoP"* found fusain very abundant in the Grand Couche 
of Commentry, It occurs tn isolated or grouped fragments between 
bright and dull laininx, sometimes m heaps several meters long and 
lo to 20 Centimeters thick; he found it in the axes of brilliant 
1amins of branches, especially of Cordaitifs^ and in very numerous 
small fragments in the cannci, Fayol presents many facts which 
lead him to believe that fusain was formed by decompiosition of 
plants in the air. 

This material has been regarded by many writers as anthracitic. 
Perhaps it may have been so before burial, but the supposition that 
it could not be impregnated with substances coming from decomposi¬ 
tion of the surrounding vegetable material seems to be disproved by 
^IcCreath’s*®* analyses. At the same time it contains usually less 
%’o1atilc matter than is found in the enclosing coat, shO'Wing appar¬ 
ently that its origin was different. The analyses show a volatile 
content of from 6.40 to 3^*74 per cent. The highest proportion is 
in specimens from a coal bed underlying the Homewood sandstone, 
in whidli the volatile is 48.140; a specimen with 11.36 is from a coal 
with 26.500; but there is one result, the average of several analyses, 
which gives 20.9S, while the surrounding coal has only 17.070; the 
low'est, 6.40, is from a coal containing at 410; while in otie anthracite 
coal, the fusniin contained S.60 while the coal itself had 8.830. It is 
sufficiently evident tliat tlic volatile of tlic mineral cliareoal bears 
relation in quantity to that of the enclosing coal 

The suggestion that mineral charcoal was derived from forest 
fires cannot be accepted as a possibility. The quantity produced by 
a forest fire is comparatively insignificant. The writer is sufficiently 
familiar with the subject to form a judgment. Tlie Indians were 
accustomed to set fire to forests in many portions of the Rocky 
Mountains in order to drive the game to lower levels. The fires 
destroyed the hark and leaves but left the trunks little more than 
scarred. These remained upright until, weakened by decay, they 
u-ere overturned by the wind to form the “ laced timber,*' which was 

H. F^vol, “ Etudes," eic„ pp. 149, ijj. 

S- McCrcaih, See. Geol. Suri', Pcnii., Rep, 1879, pp. 106, ro?. 
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always a terrible obstacle for exploring parties. Equally in the 
White Mountains of New England and in many portions of the 
Appalachians^ the writer has seen forests of bare stems projectii^ 
abo% e the young growth in areas which had been devastated by fires. 
The coals of Iowa and ^fissourip in some bedSp contain so tntich 
mineral charcoal that one would have to imagine a eontinuous con¬ 
flagration for the whole area during aecumnlation of the coal 


Vakiations in Chemical Composition, 

The independent history of the several benches of a coal bed is 
shown not only by the physicaJ contrasts but also by the contrasts in 
chemical composition, which often are very great. Study of these 
make^ evident that the period of time represented in some localities 
by a half-inch parting of mineral charcoal and impalpable clay may 
have been so long as to bring about serious changes in the surround¬ 
ing conditions. Here one is concerned only with contrasts which 
seem to be original and not with those which may be due to influence 
of agencies belonging to later times. 

The Eemice coal basin in Sullivan county of Pennsylvania is 
almost 40 miles from the anthracite area and the dips are extremely 
gentle. The area is insignificant, 600 yards wide and 2400 yards 
long; yet it affords illustrations of differing composition which show 
the influence of very local conditions. The basin was described bv 
Platt and the analyses were made by McCreath.^” Platt^s section 
shows Uvo coal beds separated by 65 feet. The lowerp 2 feet thicks 
has 


Water ___ 

Volaljle matter 
Fixed carbon . 

Sulphur .. 

Aih ....-- 

wfitli a fuel ratio of l :+4l. Another analysts from a different part 
of the mine has very slightly less volatile but 3 per cent, more of 

'■•A. S. McCrealh, Sec, Geo!. Surv. Pmn., Rep, MM, i»», pp ga, 04 o?- 
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asli. This coal docs not coke and die rathet voluminous gas burns 
\vidv a feebly Juminous flame. After drying at 235“ F., the coal 
absorbs water rapidly, regaining within 2 hours about 60 per cent, 
of the quantity originally present. 

The higher bed, known locally as Coal B, gives as the average of 
the three benches a fuel ratio of i 10,289, anthracite according 
to the ratio but an ordinary' bituminous coal in appearance. The 
three benches show no notable difference in composition and the 
gases burn with feebly luminous flame. One mile away, a coal bed 
was seen, whose relatious to the others could not be determined. 
-At one opening it has 14,085 of volatile and 16 per cent, of ash, the 
fuel ratio being l: 4'S7 j the gas burns with a non-luminous 
flame. .At another opening the structure is, coal, i foot 5 inches, 
slate and fireclay, 6 feet, coal, 3 feet 8 inches; McCreath analyses 
show for the benches 
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Ignoring the water and ash, the results are. 


Upper bflnch .. 2&354 i: s-S?" 

Lower bench .. 13,606 

These Bernice coals, belonging in the lower part of the Pennsyl- 
vaniau, differ from those in other small areas within Sullivan 
county, which, with fuel ratio of about I ;6, yield gas burning with 
brilliant flame. All arc approximately at the same horiaon. 
AIcCreath’s reports contain many illustrations of noteworthy varia¬ 
tion in composition of the benches. 

The Spitzbergon coaP®* of Jurassic age is in appearance a typical 
coal The bed mined in 1904 on Advent Bay is double; the upper 
bench averages about 3 feet and shows the same features through¬ 
out; the lower bench is i foot thick. The coal from the upper is 

J. L Steverion, "The Jurassic Coal 01 Spitibergeio,” .V. Y, Acad 
ScL, Vol. XVI.. ipo5, pp. Ss-Sj. 
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hard, grayis-h black and with a fracture more or less conchoidal; 
while that from the lower is black, lustrous and somewhat prismatic, 
with some mineral charcoal. These coals were analyzed by A. S. 
McCreath, who obtained as the average of several determ I nations 
for each 
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The fuel ratio for the top is l ts.i j and that for the bottom is 1:2, 
there being a difference of somewhat more than 9 per cent, in the 
volatile matter. 

Gruner says that the Grande Masse of the Rive*de-Gier forma¬ 
tion is double, the benches being separated by the “ nerf bUnc,” 3 
white sand parting less than one third of an inch thick. The lower 
bench or " rafford ” is hard and dull, suitable for use in grates, but tiic 
upper or "marechal" is tender, brilliant, less rich in oxygen and 
employed in making gas and coke. There is very great variation in 
the several parts of the Grande Couclie at Decazeville but, according 
to Fayol, the Grande Couche at Commentry seems to approach 
homr^cneity throughout. 

Barrois,™ interested by the work of Muck, Stainicr, Strahan 
and others bearing upon this question, secured analyses of the coal 
from several beds near Aniche (Nord), the samples being taken for 
each decimeter from roof to floor. The ash varied in one bed from 
2 to 8 per cent.; in another from 2.2 to almost 3; in a third, from 
1,6 to 11.6 and in a fourth from i to G^^the fanx-toil and’faux- 
mur being neglected. The beds arc thin, from 0.6 to i meter, and 
the samples were taken without reference to t!ie partings. The 
results show definitively that conditions were not the same througli- 
out the accumulation of even a single bench. Tlie volatile in dif¬ 
ferent parts of a maigre coal varied 6 per cent, and in a deiiiigras 
coal, 8 per cent. 

C, Barrois, Observations sur Its variaiions de composition dti gharbon 
dans certaines mints dAniche.” Atm. CM. du Kord, Vol. LX., 1911. 
pp. lyy-iSd. 
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Reports on composition of coal show similar variations in all 
coal fields. 

Some coals cake when heated, others do not. Tlic available 
methods of analysis lend no assistance toward expianation of the 
difference. Some have supposed it to be physical, that the glance or 
caking lamina are separated so completely by the dull lamiiue tliat 
fusion becomes impossible; but this can hardly be regarded as 
established, for in some portions of the Conncllsville basin, the coal 
cannot be distinguished in hand specimens from the notKaking coal 
of Massillon, Ohio, yet it yields the standard coke. Nor does the 
proportion of mineral cliarcoaJ seem to be important, since the 
caking coal near Uniontown, Pennsylvania, has as much as some 
non-caking coals of Missoviri. It has been suggested that the Cre¬ 
taceous coals of Colorado and New Mexico' arc caking in sonic 
localities, non-caking in others, because of die nearness or distance 
of igneous rocks. Unquestionably, there is much to be said in favor 
of this suggestion, yet diere is much room for the other suggestion, 
that possibly coincidence may have been mistaken for cause and 
effect It is not certain that the influence of dikes can be exerted 
very far through coal or lire accompanying rocks. Several of the 
coal beds in southwestern Pennsylvania are of caking coal, while 
there are others in the immediate vicinity whose coals arc non¬ 
caking. There i$ no reason to suppose that eruptive rocks have 
exerted influence diere. Incomplete conversion of the material as 
shown by the action of caustic potash is supposed by some to account 
for non-caking property, there are coals of Cretaceous age, which 
are attacked energetically by caustic potash, yet make a firm coke. 
The suggestion has been made diat possibly the presence or absence 
of sapropelic material may determine the extent of caking. This is 
possible. 

The analyses by Carnot’^ led him to interesting conclusions. 
He procured i8 samples of coal from Commentty, representing sev¬ 
eral genera of plants. Ultimate analysis showed that the elementary 
composition of these coals is almost accurately the same throughout, 

"Ad. Camot, " Sur la composition et 1 m fiunlites dg la houille, eii regard 
a la nature its plantea qui I'ont forniee,’’ C, ff., Vol. 1884, pp, 253^25^. 
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but proximate anafysis showed great differences in volatile con¬ 
stituents, due to difference in combination of the elements. Ignoring 
the ash, he found the volatile and the coke as follows: 


C&JamodewdFon 

..35-J 

Wdl aggloincrjitcd. 

Cardaitei . 

^ X .. 41 ^ 

Rather ^wdlen. 

L^pidad^ffdrt}^ __ 


Well ^gilomeratrd. 

i^jerronjuj ,... ... 


A little swallea. 

Pfy^hopiiiTis ......... 


A little swollen. 

MjegtsphyiDH .. 


\V"ell agirlomeratett 


He found similar contrasts in modern woods, almost identical in 
composition, and his conclusion is iliat plants preserved in coal ap¬ 
pear to have different properties though having the same elementary 
composition, and that external inhuences were not the only ones 
affecting the composition and character of tile coal. A casual ex¬ 
amination of the table might lead one to suppose that the proportion 
of volatile matter had its influence on the tendency to cake, since the 
well-fused coke was given by coals with about 35'per cent.; but this 
may be only a coincidence. Washed “slack " from the Pittsburgh 
coal at Laramie, Pennsylvania, contains, without ignoring the ash, 
as high volatile as even the Cofdsites coal of Cgnimentry; it was 
tested extensively more than a third of a century ago, its coke was 
strong and with it some extraordinary runs were made in a furnace, 
too feet high. All that one can say Is that caking may be due to the 
presence of special hydrocarbons-~a sufficiently sale and at the same 
time a siifHciently broad suggestion. 

The Ixohcaxic Content of Coal. 

The ash or incombustible portion of coal varies in tjuaniity and 
composition not only in different beds but even in the same bed 
horizontally as well as vertically. It may be fine, powdery, a con¬ 
stituent of the coal itself, or it may be coarse, cindery, coming in 
great measure from slates or partings. Glance coal is often almost 
free from ash but the matt coal always has more while the cannels 
very often have a high proportion. 

In making an effort to compare coals, one is dependent neces- 
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sariiy on such analyses as can be reached; but here, at the very' out¬ 
set of the Inquiry, the worth of these analyses is a matter of doubt. 
Formerly, samples were selected at random, fragments taken from a 
heap were supposed to represent the average of the bed. For many 
years, however, sampling In the United States has been on the com¬ 
mercial basis and very frequently the effort has been to ascertain 
the run of mine composition. Analyses of samples collected accord¬ 
ing to the different methods arc, evidently, not of equal worth for 
comparison, though it must be conceded that in a very great propor¬ 
tion of cases, results obtained by the old method arc remarkably like 
those obtained by the new. 

Allied to this is the other query as to how much of the deposit is 
to be considered in determining the impurity of the coal. There are 
those who, in a discussion like this, rvould throw' out of considera¬ 
tion all partings, thick or thin, and would consider only the coal itself, 
holding that partings, as interruptions in the process of formation, 
have only indirect bearing on the subject But others maintain that 
no part of the bed should be neglected, as the deposit must be con¬ 
sidered as a whole, Tliere is some degree of propriety in eacli con¬ 
tention. Study of tlifl coal itself gives a nearer approach to the 
nature of the v'egetable material forming the coal, it may give ap¬ 
proximately a conception of what may be termed tlie original inor¬ 
ganic material r while study of the whole deposit may give a clue also 
to foreign matters introduced during formation. Yet one finds him¬ 
self confronted at once by a question as to the significance of part¬ 
ings ; in one locality they may be mere films of fusain and impalpable 
clay separating benches of the bed, ivhereas in another, one or more 
of tliesfl partings may have swollen to a mass of shale or sandstone 
or both, many yards thick. Some coal beds, like the Waynesburg, 
have clay partings, 6 to 12 inches thick. Occasionally one of these 
persists after the underlying or overlying bench has disappeared. 
The question arises Should the sample be taken where the partings 
are thin or wliere they are thick? Should the sample he taken where 
the b«l is practically single and anotlier where the bed is divided, the 
latter to include the intervening sandstone, shale and pcriiaps 
time Stone? 
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Comparison of analyses means not much unless one knows the 
method of choosing^ the samples; no definite conclusions respecting 
conditions tinder which coal was deposited can be based on a mass 
of analyses gathered indiscriminately from all quarters of the globe. 
It might be that the ash would tell much, if all portions of a bad 
were studied, each by itself; but even tlien the inforniation might be 
too localized. Another difficulty is that published analyses, with a 
small proportion of exceptions, are of coal supposed to have com¬ 
mercial value, 50 that they do not give a proper conception of the 
character of the greater part of coal beds. Thus, Stainier™ com¬ 
pared 2,568 analyses, gathered from reports on coal areas in Europe 
and America. Of these only 15 per cent, showed more than to per 
cent, and less than 2 per cenL had more than 20 per cent, of ash. 
It is very certain that the 2,250 analyses, giving less than 10 per cent.. 
were not all made of prisms representing the whole bed; and equally 
that the coal was taken from localities which were promising from 
the commercial standpoint. This is bej'ond dispute, since more than 
one half of the analyses report 5 per cent, or less of ash. It is 
unsafe to take the average of such analyses as representing a prob¬ 
able average condition. Most of the coal horizons show extreme 
variations which at limes are abrupt, so that, while a sample from 
one locality may have but 5 per cent,, another, only a short distance 
away, may have 25 per cent. It is quite probable that if analyses 
were made of all the coal beds in some small areas of southwestern 
Pennsylvania, where the column is long, the results would show that 
more than half of the beds have more liian 10 per cent, of ash. Cine 
must recognize that in many localities the conditions did not favor 
the accumulation of dean coal; in the higher portions of the Coal 
Measures, within the bituminous region, the beds are all poor, broken 
by thin slates, no analysis showing less than 12 per cent, and most of 
them above l 6 up to 32. 

The difference in ash-content of the benches of a coal bed may he 
great, A. S. McCrcath s analyses of several beds in Pennsyl¬ 
vania show, for those in the Allegheny, differences between the 

•^X. Slamier, “X&tw siir la formation du couches de cltarbcin," Bull 

Bflge de Vol. XX V„ i<ni, I>. V., pp 73^1. 
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upper and lower benches of i6, 13, 14, 12, ii, 9, 8, /, 5, 4, 3, and 2 
per cent. Sometimes the upper, at others, the lower is the less clean. 
Often there is no difference in appearance but usually the cause of 
greater impurity is distinct, for the filmy partings of black shale are 
apparent. Local variations are equally well marked in analyses by 
the same chemist. The ash in the Lower Freeport varies from i, 3 o 
to 10,53 stiff in the Ztliddle Kittanning from 3.48 to i2 per 

cent., the samples in every case being of coal which is mined. It 
must be evident that a collection of analyses from all regions cannot 
be utilized for generalization. Conditions varied locally at each 
horizon, so that while worthless coal was accumulating in some 
places, good coal was accumulating in others; equally, the coo di¬ 
lions varied greatly during the period of formation, so that one 
bench may be clean and another worthless. 

But a promiscuous collection of analyses is not merely worthless 
as a basis for generalization, it is also very apt to be misleading by 
diverting one's attention from consideration of the features which 
are really important. One is not concerned widi averages of coals 
all over the world or in the proportion of analyses showing more or 
less than 5 per cent. The really important matter is the composition 
of a particular deposit within a large area. When this has been 
ascertained, one finds that die difficult problem is not to account for 
the excess of ash hut for the astonishing deficiency in ash, observed 
in some beds throughout very great areas. Analyses by A, S. 
McCreath and by Hite and Patton*®^ shoiv that tlic Campbell's Creek 
coal bed in 4 counties of southeTn West Virginia gave as the result 
of 26 commercial samples, 5.943 per cent, of ash and all were of 
outcrop coal, yet 10 of them had less than 5 per cent. In 4 other 
counties, the average of 34 commercial samples is 5.52 per cent, and 
several had less than 3. Commercial samples of the Pocahontas 
coal from 38 localities in southern West Virginia showed from 2,34 
to 9.5S per cent,, with an average of 4.63. The Pittsburgh usually 
has 7 per cent, or less. All of these arc in areas of from 2,000 to 
6,000 square miles or more. Evidently tliere arc coal beds which in 

Vn. Gcot. Surw, VoL It,, 1003, PP. 695- 6 ) 6 ; Vol. II. a, pp. 

393. 394. 
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immense areas have not so much ash as one should expect; they 
have less than the original plants should have contributed. This is 
the important matter for consideration; there is no difficulty in 
accounting for high ash in ccal, but there is great difficulty in 
accounting for coal which, in areas of thousands of square miles, 
have too little ash. 

The ash m different beds as well as in different parts of the same 
bed may show notable differences in composition. The White A$h 
coal bed, of Upper Cretaceous age, near Cerillos in New Mexico, is 
of interest because in the mines one can follow the coal in its passage 
from high grade bituminous, thoroughly caking, with 39 jier cent, of 
volatile, and 5.24 of ash, to a typical anthracite with 93 per cent, of 
fixed carbon and 5.78 of ash. This change takes place within little 
more than 2,ooo feet and is duo to influence of a sheet of andesitic 
rock. Church”* analyzed the ash from bolli types, the samples being 
taken from cardoad lots and representing the coal as shipped to 
market. His results are: 


Silica ....._ 26.Q3 

Alumina __ 3247 

Oxide of iri>n ^ ^ ^ ^ ^ 

^>Tie . 2468 

Magnesia lojjt 

SiilphaiB of c^kiuin ... _ . 

Soda .. ... 


041 


Potash 




32.14 

T2d^ 
S,io 
5.1 [ 

o.iS 

3 ^ 


JfeCreath^** has given the composition of ash from z samples of 
Red Ash and 7 of White Ash anthracite which may be compared 
with that from the bittiminous Upper Freeport at 3 localities in 

Jefferson and Clinton counties. 

The bituminous coals contain 4,150, 3.100 and 9,125 per cent, of 
ash respectively. A scries of 21 analyses given by ^^uck“* show 
similar though greater variations. The silica is from 1.700 to 
53.600; alumina from 2,210 to 4T.110; sesquioxide of iron from 

*W. D. Ourch cited in j. J, Stevenson, "The Cerillos Coal Field" 
Tra«4 K. V. Acai. Stl. Vol. XVI, 1896, pp, nj, ,18. ’ 

“A. S, McCreath, Rep. M, p. 27; Rep, p, 375. 

“*F. Muck, "Die Cliemie der Sleinkohlc." pp. <38, gg.. 
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5.590 to ;?4.8 oo: lime from 1.080 to 21.540; tnagnesia from o to 
9.823; potash and soda from o to barely I per cent. McCreath 
reports a small quantity of alkalies in nearly all cases. Wltere the 
proportion of iron is large the coal is pyritous. Potash is present in 
all terrestrial plants, though not always as cairbonate. DieuJafaiP" 
examined the ashes of 168 specimens of recent Eqiiiscta collected 
at various localities in Europe and northern Africa. Alhalitie 
carbonates were wanting but calcium sulphate and potassium 
sulphate are present in large proportion; yet plants of other types, 
growing in the same localities, gave ash of the ordinaty kind, rich 
in Carbonates and poor in sulphates. 

The ash analyses to which reference has been made are for the 
most part from coals without notable commingling with slates. It 
is altogether probable that ash from commercial samples w'ould show 
the same materials, though no doubt in slightly different proportions, 
as it w'ould contain silts brought in and deposited on the forming 
coal. But in this connection, one must not forget'that wind may 
contribute towards addition of foreign materials. The presence of 
atmospheric dust is an only too familiar phenomenon on sea as well 
as on land, but one is in danger of underestimating its importance. 
James Douglas has informed the WTjter that coke from Connells- 
ville, exposed in heaps to the winds of Arizona for a few’ weeks, 
showed almost 30 per cent, of ash, though it originally contained 
not more than 14. This change was in the arid region where dust 
is abundant, but it suffices to show’ the possibilities elseivhere. 

Oieulafait " Coin position dea cenilt'cs des Equisctnoees,'* C H Vol 
ICO, 18S5, pp, s&j-zSfl. ’ ■' 
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Taylor’“ compared the ash of good and bad coal with utidcrolay, 
bitummcms shale and htue shale* The constituents are alike m all 
though the relativ'e proportions differ. The good coal with i.j6 of 

ash and the poor coal with 16.9 of ash compared with the underclav 
show^ 
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Eiscliof thinks that the analyses show close relationship throughout 
and that they indicate sedimetitaty origin for all the materials alike. 
Ho says that the variation in composition of Uie earthy maltcfs in 
coal is not greater than in shales. McCreath has analysed many of 
the Pennsylvania fireclays and the results show great variation, the 
silica from 4^ to 66 and the alumina from 18 to 35 per cent, A 
Similar variation is found in the Pleistocene clays. ' The resemblance 
between coal ash and the clays ought to be close in respect of con¬ 
stituents, it matters not whether the Coal is allochthonous or autoch¬ 
thonous, but some of the differences offer abundant ground for 
speculation. 

The large proportion of clay in coal ash is, for some, evidence 
that the material is of ejstraneous origin, since clay is an extremely 
unimportant constituent of plants. It is insignificant in the ash from 
peat. -Mills and Rowan”- give analyses from 27 Irish localities 
which show m the ash 0.129 to 10705 of alumina, but 12 of them 
have less than i per cent, and only 3 have more than 3 per cent. 
It must be remernhered, however, that the trees and the peat forming 
plants of the recent period arc not the same w-ith those which 
gave the coal. The most important plants during Coal Measures 
time were lycopods and equiseta. Dana'” cites analyses of some 


r ^ Bischof, "Elements ol Chemical and Physical 

Geol^V” London. 1854. t*p, 3(58, t-nj-Jcai 

I„ Technology,” Ed., Vol. 

J. D. l>ana, " ManunI of Geology,” 4ih cd„ 1895, pp. ^4, 55j^ 
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forms belonging to those types, which show for lycopodium ashes 
23 to 57 per cent- of altimtna and lo to 14 per cent, of silica: for 
Equisetum, ro alumina but 41 to 70 per cent, of silica. The a$h 
of lycopods is 3.2 to 6 per cent, of the dried plant; of ferns, 2,75 
to 7.56; of equiseta, 18.71 to 26-75- Stainier cites Wolff, C^apele 
and Violettc; lycopods have 4.70 to 6.10 per tent, of ash; conifers 
contain very little ash in the wood but their bark and leaves have 
much more, the fonner from i to 2 and the latter, from 5 to 7 per 
cent. Coville*'* has given a table of analyses, showing the quantity 
of lime in leaves of trees, the percentage of the dried leaf varying 
from 1.73 in the red oak to 4,38 in the ginkgo, the modem repre- 
sentative of the Cardaites. 

Lycopods compose the greater part of most coals, other plants 
giving the less part—^though there are beds consisting very largely 
of CordaUts. Dana has calculated that if the original ash were 
1.66 of aluminium silicate and if the plant material lost three-fifths 
of its mass during transformation into coal, there should remain 4,15 
of silica and alumina, the total ash being 4.75 per cent, of the coal ; 
and this without introduction of any inorganic matter from without 
by either wind or water, the whole being derived from the soil in 
which the plants grew. Coal is known to consist very largely of 
flattened stems, the cuticle alone remaining; the other parts of plants 
have been almost w'holly decomposed into a structureless pulp, of 
which not a little may have been removed by solution. Bark and 
leaves make up a very great part of the coal. One should expect 
to find in ordinary coal not much less than 6 per cent, of ash, or 
even more, in which silica and alumina should predominate greatly. 

Yet there is the all-important fact that some coal beds in areas of 
several thousands of square miles have not merely less but even very 
much less than the normal quantity of ash. The fact that many coal 
beds have more is unimportant; no one, be he allochthonist or 
autochthonist, finds any difficulty in explaining the excess of in¬ 
organic matter. But the Pittsburgh, Campbeirs Creek, to make no 
reference to some other beds, have less and the condition in those 

"*F. V. Covillc, "Tlie Formation of Leaf mold,” Jotirn, Jl'atk, Aead Sci 
Vol. liL, 1913, p. So. 
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beds IS not Jocal; the^' are mined in a]l parts of their areas and yield 
scores of millions of tons each year; the analyses are of commercial 
samples so that they show more ash than the coal itself would show, 
apart from the thin partings of mud due to overflows. These coats 
have less inorganic matter than the plant substance should have 
yielded, which shows that, where accumulation proceeded in a 
normal way, the product is likely to contain diminished ash. In 
advancing change by metamorphosis or otherwise the ash is reduced, 
as appears from analyses of the Xew Me-xico coal and of coaU from 
the ^nthracitti Belds of Pennsylv^ania* 

It is wholly probable that not a little of the original inorganic 
content was removed in solution, llaccration takes mnch from 
flax and Fayol ascertained that the same effect is produced on hemp. 
\\ood floated down the Rhine loses much during the journey. Be¬ 
sides this, the organic acids form slightly soluble salts with several 
bases, which would be removed by kaching. Evidently some areas 
in southeastern Kentucky, where a coal bed shows less than i per 
cent, ash in commercial samples, must have been in an exceptionally 
favorable position, where the accumulating coal was protected from 
flooding by muddy water but exposed to leaching. 

TtfE Roof, 

The normal roof of a coal bed is shale, often resembling that 
of the mur m composition but differing in structure.. Roof shale is 
more or less laminated but ordinarily there is no trace of lamination 
in the undercla>. In what may be termed normal conditions, the 
passage from coal to roof is gradual, there being a faux-toit, in 
which foreign matters increase gradually until at the top all traces 
of coal have disappeared. This may be a bone or a bony coal, with 
external appearance of cannel, or it may be a coarse worthless coal, 
made up of alternating layers of bright coal and black shale loaded 
with leaves or flattened stems. It may be only a few inches thick or 
it may continue, as in the Pittsburgh bed, through 3 to i6 feet of 
measures. Sometimes, the passage is abrupt, as seen at the partings 
or, so to say, the subordinate roofs of a coal bed, which, as has been 
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seen, often ma^rk crises in accumulation of the mass. Not infre¬ 
quently the sand and day iamins of the roof disappear and the coal 
is almost a solid layer, but evidence of unfavorable conditions still 
remains in the high ash. 

At many localities the roof shale, composed of fine materials, 
contains a profusion of plant remains, stems, fronds, leaves, retain¬ 
ing the most delicate markings. Prostrate tree-trunks have been 
traced in some cases scores of feet and twigs, with the branchlets 
and leaves attached, have been found in considerable areas, the 
fossils often as perfect as though they had been preserved in a 
herbarium; the fronds of ferns at times show all parts in place and 
as little disturbed as though they had fallen at the foot of the parent 
phint The whole arrangement indicates as gentle deposition of the 
silts as that during overflow of the bottom swamps by muddy w'ater 
during rise of a Mississippi flood. But this is not always the condi¬ 
tion. Renier"* states that one rarely finds in the Belgian coal fields 
such remarkable specimens as are described as occurring in other 
countries. For the most part, the plant remains are fragmentary. 
So in the .^ppalachian basin; there arc many localities where the 
remains are beautifully perfect and there are many others in which 
the remains, though retaining the delicate surface markings, are 
fragmentary' and distinctly not in place. The silts were not de¬ 
posited as gently in some places as in others. Occasionally vertical 
stumps are seen, with their roots spread out in normal position over 
many square yards and still preserving the fragile rootlets, which 
pass off in all directions as in a living plant. These erect trunks, 
standing amid prostrate stems and vegetable debris, such as one 
finds on the surface of forested swamps, rarely pass upward from 
the coal It Is true that there would be difficulty in tracing the tree 
downward in case the peat became structureless coal and that the 
opportunity to make the effort would be a rare one in a mine worked 
for commercial output, but occasionally' the exposure occurs and a 

Remer, “Observations pal4nnlolopt|ues sur Ic mode de fonnadon 
dll terrains houitlers beiges," Amt. Sof. G^ol. dt BrigitjHf, Vol, XXXll looj 
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geologist happens to he present at the time, Wilkinson”^ states that 
near Ncweastle he saw several trunks of trees, up to 1 foot thick 
and with roots attached, starltiiig from a coal seam and embedded in 
the strata in the original upright position. ;N[ore commonly the 
trees found in the shales ivith attached roots in jifa, though of the 
same general character as those making much of the coal, are not 
rooted in the coal itself hut in the shale. In not a few cases, their 
relations suggest that they grew on spaces covered with detritus, 
such as one sees in the large forested swamps, where trees, belonging 
to species rooting indifferently in peat or in inorganic matter, are 
growing ou sand or clay-covered spaces and with their roots extend¬ 
ing bej-ond to the peat itself. Partings in coal beds unite in them¬ 
selves the features of roof and floor j at times they contain abundance 
of plant remains and stilt serve as soil on which a new vegetation 
arises. Renter has given an illustration. The roof shale of a coal 
bed is about 4 feet thick. It contains 13 species of plants but, at a 
little way above the bottom, there appear in addition Sligmaritp, 
which increase in number toward tlie top where one reaches another 
coal bed. In some cases the rootlets of have pierced the 

leaves of other plants, but in most cases they have avoided that 
exertion and have moved around them. Robb, Williamson and 
others have described .^hi^tnciria rooted in parting clays and 
Williamson has told of a stem rooted in the parting and passing 
upward into the coal. 

The roof shale varies in color from gray to black, is usually 
t|uite fine in grain and argillaceous, though often notably arenaceous. 
The features are as characteristic in later formations as in the Coal 
Pleasures. The dark color is due to organic matter, which is not 
always derived wholly from land plants, since the deposit at times 
is not of flood-plain origin. The roof of the Upper Freeport coal 
bed exhibits the contrast. In extensive areas, it is of the ordinary 
type, with reasonably well preserved plant remains, but, at some 
widely separated localities, it contains along with very- fragmentary 
plant remains great abundance of marine fossils, belonging to types 

S, Wilkinson,"Mine; and Minerals Statistfes of Xew South Wales,” 
Sydney, 187s, p. rja 
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commonly regarded as requiring deep water. The Middle Kittan¬ 
ning in much of Ohio is easily recognized by means of its marine 
shale roof. Lesquereux has mentioned several instances in Ken¬ 
tucky and the Pennsylvania geologists have added many more. 
Absence of plant remains is reason for suspecting that the shale Is 
not a terrestrial deposit, even though remains of animals appear 
to he wanting. Eoulay^'^ was puzzled in several instances by a roof 
apparently norma! bnt without trace of plants. Very close examina¬ 
tion revealed an exceedingly thin layer with Mytilus at 4 or 5 inches 
above the coal. In many cases within American coal areas, the pre¬ 
vailing forms in the roof are Lingula and Otbicxtloidedf which are 
shallow water forms, but there arc roof shales, usually somewhat 
sandy, containing Prodnetus, Spirijer and other forms which belong 
to the so-called deep-water fauna. The condition is quite common¬ 
place in modern times. Instances of peat deposits directly under¬ 
lying marine clays and sands were given on preceding pages and 
many additional instances could be cited if necessary. 

Limestone is by no means an uncommon roof; it Is characteristic 
of several coal beds within the Beaver formation, I. C. White has 
recorded many instances in Pennsylvania; Orton, Jr. and A. A. 
Wright have done the same for Ohio and I. C, White reports the 
same condition at localities in southern West Virginia. .At all of 
these localities the limestone is marine; but contact with the coal is 
not found throughout, for very frequently the coal and limestone, 
in contact at one locality, are separated by several feet of shale or 
even sandstone at others. The lowest coal bed of the Allegheny in 
Ohio often is in contact with the overlying marine limestone, and 
the Harlem coal bed of the Conemaitgh is at times.dircctly under the 
marine Ames limestone, though usually a considerable mass of shale 
intervenes. So in the Illinois field where Worthen^* found his 
coals III. and VI. with a marine limestone roof. This is not un¬ 
usual enough to be surprising; some instances have been reported 


1 Abbe Boulay, ‘ Recherehes dc pateontologie vegetale dans le terrain 
boailler c]u Xord de la France,” Ann. Soc. Sfient, * BntxtUet. ame atin« 
tS?SJ. st;t„ pp. jj, 47, s7-g9, 

H. Worllieii, Geol. Surv. Illinois, Vo!, Hi, ififiS. pp, 12.13 
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from Iowa and Indiana; Tschernvchc\^' and Loutougjn“* slate that 
four coal beds in the I>Qnetz basin of central Russia have marine 
limestone or calcareous shale as the roof material. Coals of the 
Monongahela and higher formations frequently have non-marine 
limestone as the roof material. Lipoid has shown that the Triassic 
coals of his area sometimes have shale but at others limestone roof. 
Von Gumbel and de Serres have dcseribed beds of lignite with lime¬ 
stone roof. Peat deposits have in most cases either clay or sand 
roofs but calcareous roofs have been recorded on a preceding page. 

Occasionally a coal bed is found between marine limestones. 
Fayol saw at Fontaine near Mariemont in Belgium two beds of 
anthracite, 3 meters apart, intercalated in marine calcareous shale. 

thinks that, according to the iw jf/n theori* of origin, it would be 
necessary to suppose that the lower limestone, produced in deep 
water, was lifted and emerged; then that a submergence of similar 
amplitude occurred after formation of the first coal bed; that a 
second emergence succeeded the deposit of 3 meters of limestone 
and that a second submergence followed formation of the second 
anthracite bed. Be that conclusion good or not, it is certain that 
occasionally a coal bed is seen in contact with marine limestone 
above and below; Illinois Coal VI. not infrequently has this feature, 
though it must be said that in areas of hundreds of square miles it 
is separated by several feet of day below and of shale above. The 
Tertiary coal at Hiring, as well as some south Bavarian coals of the 
same age, is said by von Giinilicl to be between limestones: he thinks 
that the former was a cedar swamp, Virict d’Aoiist“* has described 
the section exposed in a great excavation east from Havre. He 
Saw there 3 characteristic beds of peat, which are merely intercala¬ 
tions in a mass of very calcareous clay, containing abundance of 
marine shells belonging to CardtU7n, Myiitiv and other genera. 

It is quite possible also for aceumulation of coal to be inter- 

'”Th- Tsdicrnychew and L LoulouKin, Le bassiii du Doneiz Z' GniAt 
dcs Excur. Vllme Cong. GeoL, 1897. XVL, pp, ij, 

“VErlct d'Aoust, “Note sut le terrain d'atterissements r^ent$ de I'em- 
boiifhure de ta Seine," Bull. Sac. GtoL de Frj«rf, Il„ Vol. VI 184*^ 
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Tupted by ingress of marine conditions. The Harlem coal bed at a 
locality in Ohio and at one in West Virginia has marine forms in the 
upper part; the condition is common enough in recent times; Bel- 
grand found a peat on the Seine which has many shells and passes 
upward into a peaty clay and sand, full of slid Is; Yates described 
a SLibnicrged forest in Cardigan bay where the stems of Pi'jikj 
syk-vstrif had been bored by Pho!as and Teredo^ after which the 
peat’making was resumed. 

Barrois^^ classified the roofs which occur in a portion of the 
Nord basin. He found, (i) sandstone, an offshore deposit, with 
casts of trunks and branches of land plants; (2) shale w'ith plants, 
carbonaceous, remains abundant and well preserved, by their size 
and distribution sbowing short transportation—they fell into the 
mud from plants or w'ere blown by the wind; (3) carbonaceous 
shale, thin cannel-iike, micaceous and pyritous, with remains of 
fisli—the water was brackish, marine or fresh, little disturbed and 
deposition was slow; (4) biluminous shale, brown, contait^ pelecy- 
pods and crustaceans—thicker than 2 and accumulated more slowly 
in fresh or brackish water, is often rich in fragmentary plant re¬ 
mains atid In fusain; (5) calcareous shale with marine shells, ac¬ 
cumulated in deeper waters open to tides. Numbers i and 2, which 
he terms Group A, are to be regarded as deposited by disturbed 
water on a sivampy surface, at times dry and never covered with 
water more than 5 meters deep, Tlic others, forming Group B, 
were deposited in the deeper water of ponds, lakes, gulfs, as shown 
by the finer grain and the association of plant remains with those 
of aninmU^ 

Erect trees, parallel among tliemselves, occur frequently in tlie 
area examined. If the.se had been floated in from the land, they 
should be found almost exclusively in roofs of Group B, deposited 
in deep water; on the other hand, they should be rare in Group A, 
fonned in shallow, muddy water, where they would be buried with¬ 
out being able to retain the erect posture. But the studies show that 

™C Barmis, “La repartition des arbres debout dans It terrain tiouillcr 
de Lena el de Lit van," Ann. Gfot. dti loot'd. Vol. XL, rpit, pp, 1S--1516, 

PXOC. AHEt. PHlt, 50 C., Lll. 208 H, MAY I4, 1913. 
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there are no erect trees in the deep water roofs of Group B, wiierc 
only broken plant fra^icnu were seen; whereas they are found in 
the, at most, shaJlow-water roofs of Group A, where leaves occur, 
iH situ, spread out flat and intaet. In the collieries at Lens. 19 roofs 
with plant leaves hi ji/u have erect stems: 7 of these roofs contain, 
elsewhere, fragmentary- plant remains and lacustrine shells, but not 
one of these contain such remains in the localities where they have 
erect trees. All the erect trees were found in roofs of the Group A 
type; not one was found in any roof wliich is persistently of the B 
type; 28 such roofs exist in the I.ens area and ail were studied. At 
Lievan, 7 roofs of the A type have yielded erect stems, but none ha.s 
been discovered in any of the 17 roofs belonging to the B type. 

These detailed studies, made in small areas where the conditions 
are apparent, confirm the opinion of Dawson based upon study of 
the Acadian outcrops and fully Justify tlie conclusion reached by 
Barrois; erect trees are not found in deposits laid down in water 
deep enough to permit floatation; they are found only in deposits on 
which there was never more than a shatlow cover of water. 


lailEGL'L.'^KItlES IS TI!E RoOF, 

In all coal beds there are what the miner calls “ lroubles/’ Some 
of these, such as clay veins ” for the most part, are due to disturb¬ 
ance after the column had been deposited, as they pass into overlying 
rocks; others, irregularities of the bottom, were due, ordinarily, to 
the Hiievcn surface on which the coal accumutated; but there are 
many which mark the courses of streams which continued after 
accumulation of vegetable matter had begun and were obliterated 
slowly b}' cncrDaching plants. 

Irregularities in the roof are generally much more perplexing 
than those in the floor. They arc the "washouts/’ to which refer¬ 
ence is made in almost every work on coal fields, and they are closely 
related to the greater " washouts " or filled valleys. In those to be 
considered here, only the coal and its roof arc concerned. More 
or less of the coal has disappeared and occasionally the apparent 
'-eplaccment extends even to the underclay. Seen in cross-section, 
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the fpreign materiRl tapers dowuward as if introduced from above. 
Often there is no serious distortion, and the coal shows only such 
irregularity in structure and composition as might be expected if the 
process of accumulation was ntore or less interrupted. The varia¬ 
tion in the coal is usually such as to indicate that the " trouble " had 
its origin, at the latest, before the coal was consolidated; but this 
is not always die case. At the same time, one must not fail to 
recognize that many titties there are disturbatices in the immediate 
proximity, which appear to be directly related to the ’‘washout’'; 
irregular cracks and fauitings frequently occur, and the cracks are 
filled with clay from the partings or even from the *' washout ” stuff 
itself. These conditions arc due to disturbances of later date; the 
effect of the force, which caused tlie gentle folding of the strata, 
became especially distinct where the mass of resistant rock had been 
thrust into tlic brittle coal. 

lilandy*'* has described the conditions observed in the Red Bank 
Mining property in Armstrong county of Pennsylvania. Tlie work 
of removing the coal from these mines had been made unprofitable 
by “ horsebacks,” as the miners termed the rolls of indurated day 
descending from the roof. These seldom rcaehed the floor but very 
frequently and for considerable distances, replaced all but 3 or 4 
inches of the coal. It was necessary to ascertain the extent of tlicse 
troubles before reaching a decision respecting farther continuance 
of operations. Blandy's systematic survey yielded tlie results pre* 
sented on the map, which accompanies his paper. Tticsc “ troubles ” 
mark ancient water-courses. The chief stream was followed for 
about 1,700 feet and several well-defined branches were mapped. 
.At the soutJierly end of the workings, another stream was encoun¬ 
tered. nearly 100 feet eastward from the former. These sirqam- 
CQurscs diverge northwardly, so that at the boundary of tlie property 
tliey are 1,200 feet apart, In another mine, somewhat farther 
the course of a third stream was followed for more than 600 feet, 
its branches lieing traced to varying distances. This stream curved 

“■J. F. Btandy, "On Evidence of Streams During the Deposition of the 
Coal," Trans. 4 <iirr, Insi. Mtniite Engr#,, Vol IV., tfes, pp. nj~lt6. 
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toward the west in its lower portion, so that if tiie direction were 
retained, it would be continuous with a tributarv of the main stream 
within less than 900 feel. Several branches were folio wed to their 
heads; in each case the channel became shallower and at length dis¬ 
appeared in the roof. At llie sides of ail tiic channels, one finds inter¬ 
locking coal and clay and the adjacent coal is always tender, finely 
fractured but pure. The indurated clay, filling the channels, passes 
upward into shale, 

Piatt”* has described a complicated cliamiet of this type, seen by 
him in Westmoreland county of Pennsylvania. A “rock fault" in 
the Millwood Colliery on the Pittsburgh coal bed was traced for 
more than 1,200 feet. The roof is a grayish clay shale, which, at the 
edge of the fault, descends suddenly tiirough the bed and spreads 
out on tile unde relay. The sides slope at 20 degrees and upward. 
The width of the clay deposit averages too feet, but in one cross- 
heading the maximum, 120 feet, was found Along the median line, 
wedge-shaped masses of the Pittsburgh sandstone replace part of the 
clay. Coal is found in the clay at the sides bm not elsewhere. Close 
to tile fault, the coal is twisted, hard, lusterless, and has so much 
slate as to be worthless for fuel. This condition changes gradually 
away from the clay and at 400 feet the coal equals that from other 
mines tn the region. This description by Plait is that of a filled 
channel, originally occupied by a stream during the whole period of 
the Pittsburgh coal, a stream subject to floods and carrybg muddy 
w'ater which left its silt on the vegetation during overflow. The 
stream became insignificant during deposition of the overlying shale 
and its narrowed channel was obliterated during the early stages of 
the Pittsburgh sandstone. Similar “washouts" occur in otiter 
mining properties within tlie district, but their relations have not 
been worked out. , 

Descriptions of such channels abound in the reports in several 
states. Ashley and Udden hat^ recorded instances like those of 
Bouthwestem Pennsylvania, where the old channel way was filled 
with a conglomerate mass of pebbles, lumps of clay and coal, with 

“ W, G, Plan. Sk. Geol. Surv, Pma., Rep. H 4 , 1878, pp. :^xv. 
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Sterns and branches of trees. The " horsCt'" about ‘which Buddie^** 
wrote many years ago, belongs in this category. This “ washout" 
170 to 340 yards wide, had been traced for about 2 miles in Coiford 
High Dell seam. The material is sandstone, through which a tunnel 
had been driven where the width is about 200 yards. Under this 
horse,*' the coal is 4 inches 10 7 feet thick and usually it is injured 
by sand patches from the roof; but it contains no gravel, bowlders or 
fragments, though the last occur in the sandstone. Some portions of 
the ** horse consist of sandstone breccia, wdth pebbles of quartz, 
like those of the Forest pudding stone—which underlies the Car¬ 
boniferous limestone—with fragments of coah ironstone and plant 
rem ains. Tlie unde relay is wholly regula r. 

It is unnecessary to cite additional instances. The phenomena 
are familiar in British^ French and German coal fields. They have 
been observed in the ramie area of Colorado and New Mexico, 
and they are characteristic of the vast peat area of the Rhine low¬ 
lands, where they have been described by Loric. All are alike,, 
whatever the age may be; they are the work of sub-aerial streams,, 
some of which existed while accunuilatLOn of the vegetable material 
was in progress, while others began existence at a later date. 

Flexed Strata. 

The presence of flexed sltales or coals between beds of undis¬ 
turbed rocks has been regarded as evidence of slips or slides of soft 
material on submerged slopes; but they cannot be accepted as evi¬ 
dence of such conditions until, first of all, the existence of the sup¬ 
posed conditions has been proved in other ways: for this structure is 
sn familiar as to be almost normal in all strongly disturbed areas-^in 
the Appalachian basin, in the Nord basin or 111 the little basin of 
Commentry. To bring about the condition there must be a soft, 
yielding material between beds of more resistant rock. Lohcst^=* 
has shown that movements occur in the coal without disturbance of 

™J. Buddie, '" On the Great F:iult called the Horse in the Fenrest of 
Dean Coal Field," Trattj, CtoL Lend., IL. VoL %T., pp, jus, aiS. 

Lohesit "Sur k mouvcTnent d^une cDUclie dc honillc entre son toil 
et son mnr;* Ann. Sflr, G^oL de Vol. XVIJ., Mem., p. 135. 
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the roof; one notable case being that of the couche Grande Moisa, 
near Liege, where the cckal is so distorted as to be thrown into a sue* 
cession of hookdike curves. Briart'^-* has given ilUistrations of 
similar movements in coal beds of the Nord basin. He had ob¬ 
served the phenomenon also in Italy just beyond the Austrian border 
picre one finds bogliead, with clay beds, between great strata of 
oomiCe, the latter showing throughout the section a remarkably 
regular dip of 30 to 40 degrees. Aside from this dip, they show no 
signs of disturbance, but the intervening, yielding rocks "have been 
thrown into complicated folds. Katzer‘=* notes a peculiar case; the 
upper part of a coal bed has been pushed into complex wrinkles 
which i^casionally affect the whole bed; but there are no wrinkles in 
the roof. Strahan,’” in referring to a contorted clav parting between 
undisturbed benches, remarks “obviously the sliale acting as a lubri¬ 
cant has permitted differential movement between the strata above 

It and those below it." The explanation is manifest evervw here and 

as not open to clis^pttte. 

% 

1'iiE HvPf>rjrESKi>, 

The reader ivho has examined Part I, of this work has dis¬ 
covered that, in most cases, an author regards his hvpothesis as 
ivholly satisfactory, as explaining all phenomena deserving explana¬ 
tion. The allochthonist greets joyfully each occurrence of pebbles in 
coal, of land shells in the rocks, of rooted stumps filled with sand, 
etc., as so much additional evidence in favor of his doctrine; w'hile 
the autochthonist is equally elated by such occurrences, which are 
infallible proofs that his doctrine is correct. Observations at given 
localities are often contradictory*, but there is no reason to assume 
that any observer has asserted, knowingly, an untruth or suppressed 
consciously, a truth; yet it is clear that, in some cases, personal 
equation has played an important part, there being, apparently, 

mouvmenli purallilej roches straiiW-." 

IDIQm |ip, 129-1^5, liilLICVl, 

** F. Katitcr. “XoiKien ztir Geotosie von Buhmen,'f'frA. t it IfeifhjnK., 

J904, pp. IS0-159L ■ ' 
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strong elccttve affinity for facts of one type m preference to those of 
another. At the same time, when one finds that the hypotheses are 
wholly antagonistic, he is compelled to believe that some must be 
ivrong, and he is led to suspect that the best may he defective. 

In considering the several hypotheses, the writer wdll take for 
granted that, as the laws of physics are unchangeable, physical agents 
have always acted in the same way as now% though at times their 
activity may have been greater and more prolonged than at others; 
That a hy-pothesis, to be acceptablep must not be based on assump¬ 
tion s, w’hich are themselves hj'pothetical or not conceivable in terms 
of conditions actually known to exist; Tlial inasmuch as knowledge 
h still imperfect^ no h3-pothesis, satisfactory in all details, can be 
framed and that there must remain many matters to be studied by 
investigators in the future. There is no assertion of uniformitari- 
anlsm beyond that of physical law. 

Defenders of the several hypotheses should meet on equal terms 
in respect to introduction of evidence. Advocates of one group of 
hypotheses must not arrogate to themselves the right to utilise one 
t>q)e of evidence while denying that right to their opponents. It is 
hardly legitimate to denounce as tyranny the doctrine of Modem 
Causes, on one page, while on a later page of the same memoir, a 
luckless adversary' is swept from the arena by the contemptuous 
assertion, tliat nothing of the kind is known in recent limes. It must 
be remembered that, in this study, both inductive and deductive rea¬ 
soning arc required. Xo man ever explored the Carboniferous 
forests, mapped Carboniferous topography or sailed a Carboniferous 
sea. Those who defend the doctrine of Ancient Causes, equally with 
those who defend the doctrine of ilodern Causes, reason from the 
know n present to the unknow n past. The starting point is absolutdy 
the same for alL Evidence of every kind must be welcomed and 
an effort made to determine its value. Stratigraphers may not reject 
the testimony of palfContologists nor may the pala?ontoIogists speak 
slightingly of the stratigraphers. For either group to dwell lovingly 
on errors of the other, committed many years ago, is as absurd a.^; is 
the effort to discredit the work of modem Egv^jtologists because 
their predecessors of half a century ago, in their anxiety to reconcile 
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Egyptian chronolog)- with that of Ussher, committed themseU'cs in 
blunders now regarded as ludicrous. 

In presuming to discuss conclusions reached by fellow-workers, 
the writer makes no pretence to superior judicial capacity; during 
the progress of this work he has discovered only too many proofs 
that his knowledge is defective, his judgment fallible and his mind 
on the defensive against novel conceptions. His conclusions are 
merely opinions based on extended observations in many lands during 
more than 40 years, and on careful study of literature bearing on all 
sides of tlie case. They are offered in the hope that they mav prove 
to be of service tp 5 ome student in the future. 

Hypotheses presented to explain the formation of coal beds faU 
naturally into two group,; one asserting allochthonous origin of the 
plant imtenal, the doctrine of transport; the other asserting autoch¬ 
thonous or ,it origin of tliat material. The former conception is 




The earliest observers, for the most pan. saw in the rocks 
records of only cataclysmic action; for them, proofs of the Noachic 
deluge exist everywhere. In cosmogonies from the sixteenth to the 
nmetcenth century, that flood is supposed to have covered the globe 
^ a universal ocean, lashed into fury by winds, so that it tore away 
forests and bared the mountains; the whole mass of debris was 
swept into maelstroms, spread over the whole surface and, at length 
depo.,ited under selective influence of gravity. The majestj- of the 
catastrophe had grown with the telling, and descriptions had become 
so vivid that the pictured conditions seemed to be reality Eut the 
ravaging disaster was, in greatest part, imaginary; the Hebrew'- 
chronicle relates nothing to enforce the conception. It describes the 
deluge as merely 3 ram flood, which destroyed animals by drowning 
but did not destroy the trees. There is no assertion of violence for 
the dumsy ark drifted at ease throughout, tlie occupants reiine 
apparently in comfort. The idea, however, was normal; all were 
familiar with the power of rushing waters, so that there was needed 
"•Genesis, Chapters Vri., Vlll, 
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Only a conception of greater torfents in greater areas to give basis 
for hypotheses respecting tlie origin of rocks. 

The doctrine of flood action was wefl-outliiicd at a very early 
date. Woodward, at the close of the seventeenth century, had 
announced that materials, swept from the land, sank to the ocean 
bottom in the order of their specific gravity; this was emphasized by 
Scheuchzer, Conybeare and several later writers, but it was disputed 
earnestly by Williams, as not in accord with the actual succession of 
strata. Applied to coal, modifications were made as acquaintance 
with the phenomena became more intimate. Some authors, \'oigt, 
Parkinson and, much later, Petaholdt, thought that tlic vegetable 
material had been reduced to fluidity on the land before removal by 
floods; Sternberg and Boue held much the same opinion, for they 
tlioiiglit that vegetable materials liad been reduced to a pulp before 
removal and that the change to partial fluidity was produced in the 
tepid waters of the primaeval globe. Conybeare apparently was the 
first to conceive that a single flood might give materials for a coal 
bed of any thickness, and Jukes was the first to suggest that coal 
bc<Is may have accumulated on the slopes of a submerged delta. 
Hut In all, one finds the conception of floods, carrying at one time 
mingled organic and inorganic debris, at another, mostly plant 
materials, but at a third, mostly inorganic substances. 

Before undertaking the consideration of allochthony as a doc¬ 
trine, it is well to examine several hypotheses, which have been 
defended by some eminent allochthonists but opposed energetically 
by others. 

ilohr in 1866 revived suggestions by Parrott and Bischof that 
some coal beds might be accumulations of seaweed, and made them 
into a generalization respecting all coal beds. His reasoning is 
without reference to the conditions in wiiich coal occurs; tlie mass of 
seaweed Is incredibly great; there Is enough to account for the coal; 
what has become of it? it,has been converted into coal. 

But there are some things needing explanation, with which Mohr 
does not concern himself. The mass of seaweed on the coast of 
France, Ireland and the Orkneys Is enormous and, in all probability, 
:t has always been so since the present climatic conditions began| 
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but^ neither on those cq^ts nor on those of tlie North sea, does one 
find any considerable accumulations of decayed or decaying seaweed. 
The search in those areas has been revvai-ded by the discovery of a 
few deposiu, which suffice to show tlie possibility of acciimijlation^ 
wliile they emphasize the improbability. The ocean bottom has been 
dredged in all directions by exploring expeditions of many nations, 
but no tract of a deposit has been found in even the areas Avhere 
seaweed is most abundant. Mohr thinks that the Spitzbergen coals 
owe their origin to weed transported by the Gulf Stream. There 
is sufficient reason for doubling the existence of that stream at the 
time when those coals were fonned; but^ in any event, if the stream 
were existing then and as efficient as noxL% it could not avail for the 
work. Robert's^*^ statements respecting the quantity of weed on 
the Spitzbergen coast do not bear the interpretation placed on them 
by Mohr. There may be enough at times, if the wind be righti to 
make landing on the shelving shore a rather awkward process-—it is 
awrlcward enough at best—but the quantity" Is wholly unimportant. 
Stevenson^ in 1904^ sailed along the west coast for 150 miles and saw 
very little seaweed. 

In like manner^ conditions within the Sargasso sea have been 
exaggerated. Wierd reports by crew^s of Columbus's boats^ iS to 
40 tons burden, have been repeated with the increment of centuries 
and have found their way into geological treatises every^vherc. 
Stevenson made hvo voyages in 1910 across the central part of 
that sea, where the mass of weed should be densest. The quantity^ 
from the standpoint of Mohr's hypothesis^ is utterly insignificant. 
At timest small patches, perhaps 100 or even 200 feet square, may 
occur, but they are rare and liave brief existence^ as they arc broken 
up qiikkly by the strong trade wind, wdiich keeps the w^ater in con¬ 
stant commotion—the surface being covered almost without cessa¬ 
tion by while caps.'^ The feathery individual bunches of w^ecd, 
rarely more than 1 foot in diameter, are arranged in lines following 

E. Robert, “Apercu des ebs«rv Allans gcDlogiqucs fjtites It nord 
de TEurope,^' BuUr $qc. df France^ VoL XIIL, 1S42, pp, 24. 25, 

J. Slevcnsop, “Tlie SmTE^sso Sca" .JcirNfF, N. S., VoL XXXU., 
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the direction of tJic wind. Occasionally, several lines are united 
into a strip, 5 or 6 feet wide, but the bunches arc barely in contact, 
while spaces of 500 to 2,000 feet interv'enc between the strips. 
Within the area, ivhere weed is most abundant, the whole mass, in a 
widtii of a mile, would form a strip not more than 65 feet wide, if 
the bunches merely touched; if the material were compressed, so as 
to bring the parts of eacli buiKh into contact, the strip would be 
insigniJicant, not more than 2,500 cubic yards to the square mile. 
Xortb and south from this stuall central area, the quantity of weed 
is unimportant. 

Ocliseniits*®* in 1890 made some su^estions, W'hich in later publi¬ 
cations he developed into what is known as the " barricade theory," 
Tilts has been given in detail on earlier pages in Part I. One might 
hesitate to regard this theory'" as offered seriously j but its author 
presented it in various forms and discussed it elaborately; some 
geologists have considered it worthy of refutation, while others 
appear to have found in it enough of suggestiveness to give it merit. 
Ochsenitis clearly was not familiar w'ith conditions observed in coal 
deposits and his information respecting river action was imperfect 
He cites the statements of writers concerning various localities, but 
these refer to matters quite irrelevant. The rafts of the Alchafa- 
laya and of the Red river have no bearing upon the question of his 
dams. The extent and character of those rafts were grossly exag- 
gcrated by the early observers, but such as they were, they could not 
be formed on the rivers imagined by Ochsenius, as they required an 
enormous drainage area. Of course, barricades could Ire formed at 
curves of rivers and they arc formed; but they are not such as the 
“barricade theory*’ demands. Such a blockade of timber w'ould 
soon become a dam w'ithout lateral spillway, as he suggests; but if it 
existed tong enough, with low' water, to permit the fine "Spulgiil " 
passing over to form a bed of carbonaceous shale in the basin, and 
long enough aftenvards, with continuous high water, to permit 

™C. Ochsenius, "Ueter das Alter einiKer Theile det (siid-amcrikani- 
schwi) Andcn. HI.," dfHise/t. seoL Gesrtl., Vol. XLIl., iSijn, pp. 135, 
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coarse ” Sperrgfiit ** to pass over so as to form a coal bed in the basin, 
it would be no longer a mere dain: it would be a deposit in the 
channel-^vay, miles long, whicli would be impregnable against any 
flood: the mighty debacle, which would sweep out the dani and all 
accumulated material behind it, the ** Rollgul/' to make a sandstone 
and conglomerate deposit in the ba$in^ is beyond the reach of 
imagination. Being in a lowland, little above seadevclp there could 
not be any such flood as Ochsenius conceives, since high w ater would 
give only a eomparatively harmless overflow. But at besti the 
obstruction w^ould cause the river to seek a new channel way. That 
w'as the effect of the Red rivet raft; the Sudd of the Nile, overturned 
trees blocking the channel of the Bermejo in Paraguay^ obstructions 
along the upper Mississippi do the same thing; they are not swept 
out by the high floods, they merely cause diversion o-f the stream. 
The breaking of levees along the Mississippi has no bearing on the 
matter^ Those structures have a moderate base in comparison with 
their height, whereas the barricade^ after centuries of accumulation, 
^vould be only a few' feet high and miles long. 

Jukes saw in the Coal Measures of the South Staffordshire field 
deposits resembling those on a submerged delta cone; his arguments 
have been presented on an earlier page. Almost a quarter of a 
century later, Fayol, after long study of the Commentry coal basin, 
reached similar conclusions, which, in iSSS, he presented in such 
admirable fonrip with such skilfull attention to detail and with such 
apparent grasp of all the features and possibilities, that his concept 
tton w'on instant approval from many eminent geologists in all lands 
and It was accepted as a final eKplanation of phenomena in the 
limnic basins of central France. This "Delta theory” merits care- 
ful consideration. 

According to Fayol, the basin of Comment ry w'as occupied by a 
lake, 9 kilometers long and 3 kilometers wide, with greatest depth 
of Soo melers and with an outlet on the southern border. Rain 
water ate away the surrounding mountainous region and the trans¬ 
ported materials are those composing the beds of conglomerate, 
sandstone, shale and coal now filling the basin. The distribution of 
those materials %va$ determined by their specific gravity or their 
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fineness of grain as w&ll as by die condition of the water—quiet or 
agitated. The finer^ lighter materials were carried much farther 
than tlie others before reaching die bottom. The basin was filled 
eventually by detritus from the Colombier at the northeast^ the 
Boiirrtjs at the north and by several less imporlant streams at the 
north and west; these giving three zones” of coarse material 
without coal. Between those jsones ” and separated by the Bourrus 
deposits, are two areas 01 less coarse deposits^ les Pegauds at the 
east and les Ferrieres at the west^ in which the coal beds are found- 
Petty streams from the north added their quotas, uniting the deltas 
along the northern border^ but practically no material was brought 
ill from the south. "Die streams ^x^re, all of them, short and torren¬ 
tial. The delta-character of the mass is shown distinctly in the 
Pegauds area by the steep dip of the bedSp which approximates 
closely tliat of neptunian or submerged portions of deltas; by the 
presence of fragments of coal, shale and sandstone in the rocks 
proving gradual advance of the delta-plain; by slips, of which the 
proof is Seen in folded shales, local faultings^ evidence of movements 
of yielding materials on a steep slope; by local erosions; by the clear 
evidence of great debacles; and by the structure of the coal beds, 
which are not parallek The absence of horizontal alluvial beds on 
top is due to gradual deepening of the outlet, which amounted to 
about loo meters at the close of deposition. Fayol makes no refer¬ 
ence in his work to tlie Decazeville basin, but, as stated in the report 
of the Reunion of the Geological Society, his theory was applied to 
that basin by others, who found the evidence as conclusive as that in 
Commctttry. 

In considering this doctrine, one must bear in mind that the mat- 
ter docs not concern the existence of deltas in lakes, for that has 
never been disputed. Nor does it concern accumulation of vegetable 
materials in one way or another on the alluvial deposits of deltas, 
for that too has never been disputed. FayoTs doctrine is that eoal 
beds, like other transported materials, were deposited as part of the 
neptunian or submerged portions of deltas. Granting, for the 
presenti that vegetable matter to give such coal beds could be brought 
in by the streams, the only question for consideration here is, 
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whether or not the phenomena at Commeniry and DecasEcville justify 
the conclusions emhraccd in the Delta theoT>‘. 

The dips of the strata at Commeiitry are regarded as all'Impor¬ 
tant evidence, since in much of the area they compare with those 
observed in some lake deltas. But it must not be overlooked that 
the steep dips, 20 to aimost 50 degrees, are those in the Pcgauds 
area, in the supposed hay between the Bournis and Colombier deltas. 
Before formation of the Grande Conehe, the Bournis della had prac¬ 
tically crossed the basin, dividing it into two little ponds, of which 
the eastern or larger may have had an extent of rather more than 
2,000 acres. The coal Is on tlie northern border of this pond or bay, 
while the outlet was on the south side of the basin. The area of 
the steep dips is nearly 2 miles from the spot where the Bournis 
issued from the mountains and three-fifths of a mile west from the 
coarse rocks of the Colombier deposits. Its rocks are shales and 
fine-grained sandstones. It is not on the steep delta slopes, but in 
the quiet '‘eddy" between the deltas. The dips in such an area 
should be gentle, not abrupt. Martins states that, within three-fifths 
of a mile, the slope of the Aar della in Lake Brtcuz decreases from 
30 degrees to practical horizontality; De la Eechc found the Rhone 
delta practically horizontal at 3 miles from the shore, while the 
della of the torrent of Ripaille, formed in deeper water, showed not 
more than to degrees as the average for half a mile. In every case 
tlie decrease is very rapid away from the source of supply and llie 
dip is usually quite gentle witliin less than a mile, though often very 
steep at the origin. It would be impossible to explain the steep dips 
in the Pegauds area, if they be taken as original. But one is not 
left to surmise in order to explain these dips, for they are not 
original. 

The cause is clear enough; they are due in chief part to dis¬ 
turbance accompanying an outburst of eruptive rock in tlie northeast 
comer of Pegauds. This affected not only Pegauds but also the 
Ferrieres sub-basin, about 3 miles toward the w'est. This outburst 
look place when the deposition of Coal Measures rocks had been 
completed and prior to that of the Permian, which is unconformablc. 
This disturbance crushed sandstones and flexed soft shales between 


igij.I 


STEVENSON—formation OF COAL BEDS, 


127 


sandstones; in some places h shattered the coal and rubbed the frag^ 
ments to polished surfaces, at times reducing the coal and shale to 
a flaky structure like that of pastry. The conditions arc those so 
familiar in the Logan and Pottsvilic coal areas of southwest Vir¬ 
ginia and southeastern Kctituclcy, as well as in the Allegheny area 
of Broad Top in Pennsylvania. They arc commonplace in some 
Cretaceous areas at the west. The extent of disturbance increases 
toward the place of greatest outburst, where one finds faults and 
slips in abundance. The remarkable “Glissement de I’Espcrance” 
is in no sense due to a slide on the slope of a submerged delta. 
Tins glisseinent marks the course of a valley, eroded after the Coal 
:Measures deposition bad been completed. It was filled with 
materials different from those of the adjacent rocks and extended 
for a considerable distance toward the southeast. Similar material 
was seen in a fragmentary exposure along tlie railroad at about 3 
miles northwest. When the eruption took place, these new, light- 
colored rocks of the valley were folded into a close irregular syn- 
clinc, tile finer dark shales of the valley wall were pushed over into 
recumbent folds and a sharp horizontal fault was made undemeath 
the syncline; other valleys of similar type were observed in the 
basin. Tlie structure, in its striking features, is in no wise original 
and has no bearing whatever on the mode of deposition. 

Practically no coal in economic quantity was formed in the Com- 
mentry basin until after not less than 500 meters of rock had been 
deposited. Suddenly one comes to the Grande Couche in les 
Pegauds, with maximum thickness of not less tlian 12 meters, and 
to a similar bed with greater maximum in les Ferric res—the other 
and smaller .snb-basin. This abrupt appearance of the great coal 
deposits is a phenomenon for which the delta theory offers no ade¬ 
quate explanation. The streams had brouglu dow-n a marvelous 
quantity of inorganic material, converting much of the lake area 
into dry land and, of necessity, making much of the still water- 
covered area very shallow. But during this period, no vegetable 
materials had lieen brought down, aside from those composing the 
insignificant streaks of anthracite along the northern border. The 
new land on the northern side of les Pegauds, barely lialf a mile 
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^vid^p could not have provided material for tire coal, as, only a few 
years earlier^ reckoning time as is done in the fitudes, it had been the 
scene of a terrific debacle, which had swept 125,000,000 cubic meters 
of rock across it and had left the surface strewn with coarse debris. 
Jt w^onld seem as thougli vegetation must have appeared abruptly 
throughout the drainage area or that the streams must have changed 
their methods quite as abruptly, so as to devote attention to plants 
instead of to inorganic materials. 

Aside from this, the theory seems to offer no satisfactory ex¬ 
planation of the areal distribution of the coaL Even though the 
lake had been as deep originally as conceived by Fayol, the pond 
must have become comparatively shallow prior to formation of the 
Grande Couche^ and die bottom must have fallen off quite gentiv as 
it receded from the shore line at the north. One cannot conceive^ 
after reading Fayol's description of the region, that any other con¬ 
dition was possible. The Grande Couchc is on this northern border 
of the Pegauds area, and its present outcrop is less than a mile south 
from the granite. The outcrop is shaped much like a spreading 
horse-shoe, with its convexity toward the north. The bed is very 
tlsick on the north side of the curve but breaks up into several beds 
at the west, where it disappears, whereas on the east side it merely 
thins away. Southwardly, it quickly loses thickness, breaks up and 
within a short distance it disappears. It is confined to that portion 
of the area where, of necessity, the water was sllallQW^ There is 
no evidence of any sort that the water was deep^ it will not suffice 
to assert that the presence of tree-trunks in the coal proves that 
there was an eddy here and that therefore the water was deep; that 
is merely an assertion that the ftmdamental assumptions are true^ 
The presence of those tree^trunks in such w'onderful abundance^ 
can be utilized to prov'e that the doctrine is defective^ But that is 
unimportant; if the conditions w'ere as described in the Etudes, the 
w’ater was shallow in the area now occupied by the Grande Coiichc. 
The middle bench of il^at coal bed is about 10 feet thick for a con¬ 
siderable distance, very clean, and consists so largely of prostrate 
tree trunks that it must represent a mass of transported vegetation 
which could not have been less than J50 feet thick. It is $0 free 
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from slaty admisture as to suggest that, during its formation, the 
streams brought into the area practically no inorganic material. It 
rests on the Banc des Roseaux, a sandy deposit literally crowded 
with stems and trunks, and extending apparently no farther than the 
coal in any direction. The purity of the coal shows that the whole 
mass was brought down at once, and it is at the head of the recess 
between the Bourrus and Colombier deltas—where neither it nor 
the sandy bed below should be, 

A flood, so terrific as to sweep such a mass of vegetation from 
the little drainage area, could not be confined to the head waters of 
the Bourms and Colombier; the other short streams between tliem 
would also be in flood, pouring their great contribution of water into 
the pond. There could not be any eddying; the whole surface of 
the water would be dashing with its load toward the outlet. If that 
were blocked, much of the deposit would be made along the southern 
border. But, even conceding that the trees were not deposited 
there, one must not forget that floods of the supposed violence are 
of brief duration and that floating rvood rernains very long time 
before becoming waterlogged. The surface movement would be 
steadily toward the outlet; there is no conceivable manner whereby 
the enormous mass of trees could be pushed against the current so 
as to be deposited at the head of the pond, where the water w'as too 
shallow to float the raft not less than 150 feet thick. But aside from 
this, the coal is not where it should be. According to the law of 
deposit on a deeply submerged delta cone, coal should be found 
crossing the cone in curved lines and it should thicken in tlie direc¬ 
tion of tile finer sediments. But there is no coal curving across the 
Bourrus delta; the coal of the Grande Couche disappears in the 
direction of finer sediments. 

Conditions in the Decaaeville basin bear no resemblance to those 
in the Commentry basin. The relation of the coal beds to old river 
courses and the variations in thickness arc wholly different. The 
theory that coal beds were deposited on the slopes of submerged 
delta cones does not account for the conditions observed in those 
basins; Grand’Eury and Gruncr found that theory inapplicable to 
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the Loire basin. Its author did not assert that it could be utilized 
to explain conditions in paraltc areas, but he evidently expected to 
find support for it in those also. It is fully evident that it has no 
application whatever to the Appalachian basin, w'hcrt the rocks 
were deposited in hotiaoutal condition. Even now, they are almost 
horizontal in areas of many thousands of square miles within Ohio, 
W'est Virginia and Pennsylvania, tvhere for long distances the dip 
is from one fourth to one half degree—and this dip is not original* 
lor the region was affected by the Appalachian revolution and the 
beds were flexed. One nowhere finds any evidence of the sub¬ 
merged. steeply dipping beds of a delta; but the tliousands of oil- 
well records show conformity throughout the Coal treasures column 
—aside from the variation due to local conditions or to widespread 
differential subsidence. 

The term Delta theorj” is an unfortunate misnomer. 
** Delta/* as ordinarily understood, designates not merely the sub¬ 
merged cone but also and chiefly the horizontal alluvial deposits, 
and it at once suggests conditiotis observed in the low^er reaches of 
great rivers, w'here the neptunian beds have very gentle slope. But 
this doctrine concerns only deposits made in small bodies of water 
by short torrential streams. The formation of a cone, such as the 
doctrine requires, would be possible only if the water were very deep 
and the bounding wall precipitous where the streams enter* There 
is no evidence that the conditions existed* Ko fault is known on 
the northerly side, but a limiting fault is indicated on the southerly 
side of the Commentry basin. There may have been important 
accumulations of water^ at times, due to blocking of the exit or to 
depression along the fault, but such disturbances could have been of 
only brief duration. The conditions at Commentry resemble very 
much those observed along the Upper Rhone, and the writer i$ in¬ 
clined to regard the ''deltas*' of the Bourrus and Colombicr as 
alluvial fans. 

Some of the ** deltas in the Decazevillc basin have all the char¬ 
acteristics of alluvial fans and the deposits show distinctly the 
selective action of running water; but there are others which are not 
due to stream action. The great granite conglomerates, with huge 
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blocks encased in coarse to fine granitic sand, are merely dlsiij' 
tegrated granite, the same as that which one sees at many localities 
between Montlu^On and Deeazeviile. This is much like the great 
deposit underlying the Mesoaoic coal area in Virginia, described 
by Shaler and Woodworth."’ Tlie WTiter could discover no evi¬ 
dence that a deep body of water occupied the Decazeville basin at 
any time, but there is abundant evidence that the water area was 
never extensive, except possibly toward the dose of deposition.’” 

The doctrine of allochthony is not bound to the hypotheses which 
have been considered, for some of its defenders have no patience 
with either the Delta or the Barricade theorv'. The essential feature 
of the doctrine is, that vegetable matter growring on the land was 
removed by running water and deposited in water-basins, there to 
become coal; but there are individual differences in detail. Wood¬ 
ward. Seheuciizer, Conybeare, Buckland, Murchison, Fayol, de 
Lapparent, Renault, Qchsenius, Lemiere and Stainier believe that 
the work was done by energetic floods; Grand Euty- and Sterzel see 
no proof of devastating floods, but appear to regard great rains and 
mild floods as sufficient; while de Jussieu, Buffon, Hutton, Faujas- 
St-'Fond, Kaumaun and Jukes do not concern themselves with the 
work of transference, but deal only with distribution after materials 
have reached the water-area. But for all, the principle of distribu¬ 
tion by gravity holds an important place. One author puts the 
matter compactly. Coal plants grew on continents bordering great 
depressions, into which the meteoric agencies cajried vegetable 
debris along with materials torn from the land by erosion. As 
calm was restored, the materials went to the bottom in well-defined 
order, determined by density; sandstone first, then the mur, then 
the coal and, finally, impalpable clays reached the bottom to form 
the roof. 

Many authors appear to be convinced that all portions of a 
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vertical section must have been formed after xUe same general 
fashion. Surprise is expressed because coal beds are believed hy 
any one to have an origin different Irom that of the sterile beds 
enclosing them; the presence of marine deposits in a column is evi¬ 
dence that the whole column owes its origin to transported ma¬ 
terials* But there seems to be little ground for any generalization 
of this kind. It can hardly he accepted a$ accurate for a single hed^ 
though it has been so applied. Perhaps Fayol's statement is the 
best illustration. He had proved that sandstone and shale are com¬ 
posed of materials transported by running water and that the en¬ 
closed fragments of plants had also been transported; shales and 
sandstones, by increase of plant remains and decrease of inorganic 
materialsp become carbonaceous and, in some cases, pass into coal 
beds; community^ of Origin throughout is clear. But there is a wide 
gap here betw'een premises and conclusion. The latter is possible, 
even probable in some cases, but it cannot be accepted as a gen¬ 
eralization, for the conirar)- is a familiar condition in actual peat 
deposits, where one often finds all possible transitions from sand or 
clay, on the border, through sandy or clayey peat to the clean peal 
accumulating beyond. The general assertion, when applied to a 
succession of depositSp seems to be equally inexact. Alternations 
of peat with marine deposits are frequent on ihe coast of the Ger¬ 
man ocean and English channel, and some of those peats are con¬ 
tinuous with living bogs farther inlands Peat In the Bermudas 
rests on marine linieslone and underlies aeolian limestone. In the 
same region, one may see a living coral reef, formed on submerged 
aeolian limestone and now in process of burial under acolian lime¬ 
stone^ A forest In Alaska still remains in sitn^ though a great thick¬ 
ness of transported sands and graveb has accumulated around the 
dead trunks. On many coasts, forests, submerged for centuries, are 
still recognizable, though material from the Land has almost buried 
them. Borings in deltas and in river plains show that within a 
vertical distance of 300 feet one may find land, freshwater and 
marine deposits, 

Dlslribntion of deposits by selective infiticnce of gravity is a very 
alluring suggestion, especially to those who helleve that deposits 
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can be made only in a con siderabte body of water—a concep¬ 
tion which is in great need of proof. But one must concede that it 
involves many and serious difficulties in its application to small 
areas, such as the Comnientr)' and Loire basins, and still greater 
difficulties when larger areas are considered; the more so when one 
remembers the proposition presented by some eminent men, that a 
bed of coal may be the product of a single flood. 

Taking the Commentiy basin as typical for small areas, one 
finds that coal accumulation began there only after not less than 500 
meters of inorganic deposits had been laid down and a considerable 
part of the area had been converted into land. The two ponds, 
Pegaods and Kerrieres, were separated by the barren zone of 
Montassiege, debris from the Bourrus torrent. The areas of those 
ponds were perhaps rather more than 3,000 and 1.000 acres re* 
spectively. The floods leading to formation of the great coal beds 
on the north shore of those ponds were extreme; trees were carried 
down and deposited with the sands in all directions, erect, inclined, 
prostrate and, in at least one instance, upside down. The vegetable 
cover w-as stripped from the drainage area and the w'holc mass ivas 
swept along narrow gorges through which the torrential streams 
flow'cd. This conception of the violence is not excessive; nothing 
less could do the work; for One must remember that the streams 
were still young, their gorges had been cut in granite and gneiss; 
the course must have been tortuous and the beds irregular, with 
shoals and rapids, wnien this vast mass of debris reached the 
water*basins, deep or shallow, they would be churned up bv the 
flood's mad rush for the ontlet, through which the water would pour 
witli the force of a take Bagne debacle, carrying with it the finer and 
much of the coarser materials. There could be no selection under 
the influence of gravity. The Banc des Roscaux. dividing the 
Grantlc Conche, contains trees in great abiintlance, supposed to have 
been brought dow'n by the streams; no selection was there, for the 
deposit is not along the main stream line of either Boitrnis or 
Colombler, but in the supposed bay between the deltas. It might 
be suggested that the flood exercised its selective power before be* 
ginning the downward course. 
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In applying the doctrine to larger areas, defenders of allochthony 
find many illustrations which they regard as more than important. 
Much IS said of timber rafts on great rivers, the masses of floating 
vegetation on the Amaaon, Congo, Orinoco and other great streams, 
the rake at the outlet of lake Tanganika, the dredgings by A, Agassiz, 
the accumulation of drift wood on many coasts and the distributing 
power of currents. But it is not easy to discover what bearing any 
or all of these can have upon the formation of a coa! bed with its 
orderly succession of floor coal and roof. 

The timber composing tile ."Vtchafafaya raft was gathered from 
caving banks along more than 20,oOO miles of river courses; verv 
little of it was contributed by floods. Xeither the .Atcliafalaya nor 
the Red river raft w'as a solid mass; each was in patches, separated 
by considerable spaces of open water. If they had sunk to the 
bottom, no coal bed would have been formed, there would have been 
only a mass of sediment enclosing logs. And this was the actual con¬ 
dition discovered, when the floating portion of the Red river raft was 
removed. But, in any event, the statements respecting the extent 
and character of those rafts, found in many publications, have been 
proved to be fabulous. If those statements had been true, if trees 
6o feet high had grown on the Atchafalaya raft, those I’erv state¬ 
ments should have restrained allochthonists from utilizing the rafts 
in their defense, since they go to show the immensely long time re¬ 
quired to convert timber to the sinking condition and to show also 
the great amount of inorganic matter entangled In the rafts. Refer¬ 
ence to descriptions*** by competent observers will be sufficient for 
the reader. The same remarks apply to all accumulations of drift¬ 
wood. As has been shown on earlier pages, the observations by un¬ 
critical voyagers were inexact} photographs prove that driftwood on 
coasts occurs in scattered fragments, occasionally collected into loose 
piles. On the shores of lakes or bays, the wind often drives consider¬ 
able qttantitles into masses, upon which waves toss sand or silt. 
McConnell’s detailed examination of driftwood deposits on Lake 
Athabasca made the conditions clear and shoived how erroneous 
were the conclusions drawn from Richardson’s description. Con- 
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sidering the extent of area whence driftwood has been drawn, the 
quantity stranded on coasts is remarkably small. It has been 
gathered by great rivers of America and Asia to be distributed by 
currents, which have originated since the Carboniferous, 

Conditions on the x\niazon, Congo and other tropical rivers lend 
no cQunlenance to the assertion that great sheets of floating vegeta¬ 
tion might have been brought down by rivers into estuaries to aid 
in fonnation of coal beds. Those great streams, in time of flood, 
unquestionably carr>' matted vegetation in considerable quantity. 
Earlier pages of this work contain descriptions by travellers, which 
show little tendency to scientific accuracy, but suffice to prove that 
the material, thus transported, is far from msignificant. At the 
same time, granting that strangeness of the phenomenon did not lead 
the traveller to exaggeration and granting that the statements do not 
tell even half of the truths the relevance of the occurrences may well 
be questioned. No reason has ever been presented to justify a sug¬ 
gestion that streams, such as have been named, could have existed 
as tributaries to estuaries, in which one now finds the Westphalia- 
Xord coal basins ; nor is there any ground for supposing that if they 
had existed, they would have carried the imagined sheets of plant 
materials. 

It is difficult to understand why the observations by A. Agassiz 
have been regarded as supporting allochthony, since they in no wise 
bear on the questions at issue. Tliere was nothing novel about them 
except the localities. Every one knew^ that the muds of ponds and 
lakes contain tvvigs, leaves, pollen and spores as well as occasional 
larger fragments of wood. It was equally ivell known that the silts 
on river banks contain transported fragments of plants; that the 
Mississippi and the Orinoco deliver vast quantities of driftwood 
into tlie Giilf of Mexico and the Caribbean sea, and the devastating 
effects of West Indies hurricanes have been described by many 
WTiters. If tlie trawls had not brought up much plant material with 
the muds of the Caribbean and those off the California coast, the 
condition would iiave been inexplicable. But Agassiz found no evi¬ 
dence of a coal bed in process of formation, he found no evidence of 
sorting of materials tlirough influence of gravity, be found no proof 
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of eleclive affinity inducing plant materials (o Bock by themselves. 
He did find mud containing much vegetable and other organic matter. 
His observations indicate only that much plant material carried into 
the sea does become waterlogged and does sink to the bottom; but 
they give no suggestion respecting formation of coal beds, although 
they certainly explain tvell some features of carbonaceotts shale. 

The doctrine of allochthony accounts satisfactorily for many 
phenomena observed in the coal deposits, such as the fragmentary 
remains of plants in the roof, the presence of drifted trees in sand¬ 
stones. the occurrence of marine limestones and many otliers. But 
these arc explicable quite as easily by autochthony. so that they need 
no further note at this point, Allochthony, as the writer under¬ 
stands it, offers no adequate explanation of the lamination in coal, 
which does not re-semble that of sedimentation; it fails wholly to 
account for a structure such as that of the Pittsburgh coal bed, 
w'liose tlrin partings of mineral charcoal and mostly impalpable silt 
persist in an area of several thousand square miles; its assumption 
of distribution of sediments under influence of gravity fails when 
applied to the .Appalachian basin, for there the coal, as in Comnicn- 
try and in other areas disappears wdth decreasing coarseness of sedi¬ 
ments; it affords no means of explaining the remarkable purity of 
some beds which yield coal of very high grade throughout continuous 
areas of 2,ooo to “,oqo square miles. 

The fundamental assumption of allochthony is that rain and 
floods can remove the vegetable cover, living or deatl. from land 
areas and can convey it to a water basin, there to be deposited and 
to become coal. This conception seems to be without foundation in 
actual conditions and to be based upon study of erosive processes in 
unprotected or disintegrated rocks. The effects of running water 
on a cover of vegetation were examined in Part IL of this work, 
it remains only to present the matter synoptically with reference to 
statements made in defense of allochthony. 

It is well to restate the opinions offered by prominent defenders 
of allochthony, tliat there may be no misapprchen.sion. Bischof 
thought that in the earlier times tlie land was more densely forested 
Ilian now and tliat the streams carried off a much greater quantity 
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of vegetable matter. Grand’Eury, seeing evidence only of rjuiet 
deposition, did not recognize the agency of violent floods; the vege¬ 
table debris nnderiiVcnt disintegration and decomposition on the land 
whence it was removed by rain and ordinary floods. There seems 
to be no positive assertion in any part of Fayol's work that die floods 
were of extreme violence, but the torrential character of the streams 
and their great carrying power are essential features of his explana¬ 
tions. De Lapparent stated the matter with clearness, when he 
asserted that. In the Central Plateau, vegetable masses descended 
Cjt Wpf and were deposited as localized coal beds; so that a single 
flood might make a coal bed of any dimensions. Renault conceived 
that as there was no ice cap at the poles, the rainfall was greater, 
the floods more violent and the quantity of transported vegetable 
materials much in excess of the present, because the surface was cov¬ 
ered with a vegetable growth surpassing that now found in the tropics. 
Lemit-re thought of deep lakes or lagoons fronted by vast lovi--lying 
plains; the contributing area was between the levels of low and high 
water; it was swept dear of vegetation during floods; a mass of 
vegetation removed en bloc might present the appearance of forma¬ 
tion III Ji’tif; during low water, the streams would bring in little aside 
from inorganic materials. For Stalnier, the plants grew on the con¬ 
tinent, whence they were swept into depressions along with inorganic 
materials, the mass being assorted by specific gravity; the Sliffittana 
being denser, sank into the nnderday. 

The flooding of vast lowland areas is not hypothetical; the 
writer, in Part II, of this work, has cited many autliors to show 
that, in the Ganges, Yang-lse-kiang, Amazon, Zambesi, Mississippi 
and other extensive drainage areas, great floods are only too familiar 
features; that for long distances, at times hundreds of miles, the 
lowlands are covered to the depth of many feet in strips 40 to too 
miles Wide: the depth in some cases being such that only the tops 
of the higliest trees can be seen. The water for these flwds comes 
at times from highlands far awaj' and is not that from rainfall over 
the flooded region; at other times, the storms originating in distant 
highlands pass over the area before the flood reaches the plain; but 
the characteristics are practically the same in all cases, llie flood 
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is highest in l]\e vipper reaches, where the stream is narrower, but 
decreases in height where the flood-plain becomes wide, unless acces¬ 
sions have been received from tributaries. Floods of this type do 
not sweep vegetation from the flood-plain. If one accepting the 
transport doctrine in full should read of conditions in the Mississippi 
area with iU several floods each year, 40 to 6o feet deep in various 
parts of the lowland region—sometimes converting areas of 10,000 
square miles into inland seas—he would expect to Icam that that 
region is tn great part a dreary waste, deprived of vegetation and 
uninhabitable. But not so; it is the home of milltons of people: it 
contains many cities with 50,000 to 500,000 inhabitants; a great part, 
tvhich has not been cleared for cultivation, is still heavily forested, 
covered with ancient trees; even the swampy areas, subject to flood 
from long before settlement by man, abound in the majestic 
Toxodfutw, These floods lift buildings from their foundations and 
carry them away; they injure farming land by leaving a deposit of 
silt or sand; they disturb property relations by undercutting the 
banks or by digging a new^ channel across the necks of horseshoe 
curv'es; but they usually are of brief duration and normal condi* 
tions return. 

Transportation of vegetable materials by streams is no matter 
of hypothesis. Every stream carries on its surface twigs and leaves 
torn off by the wind; rivers carry great quantities of coarse and fine 
debris, increased in times of high water by trees and shrubs from 
caving banks; but the cover of vegetation remains practically un¬ 
injured in spite of all attacks. Agassia, Kuntze, Humboldt, Wallace 
and other travellers in South America; Merrill, Frankenfield, 
Humphreys and Abbot as well as otlier observers in the Mississippi 
area; Livingstone. Cameron, Baker, Stanley and other travellers in 
Africa; Mcdlicott, Blanford and others in India, all tell the same 
story, as has been shotvn on earlier pages. The lowland flood rises 
slowly, it does not scour the surface, it docs not destroy the forest 
growth, large or small, it does not disturb the peat deposits. Even 
when loaded with cakes of ice, it is powerless against standing trees, 
as has been observed many times on rivers in the eastern states. 
The high-level line of flootls is ascertained by noting the silt rings on 
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tree trunks—a method employed in South America, Australia and on 
the Pacific coast for scmi-torrcutial as well as for lowland fioods. 
Tlie overflow fiood, that portion outside of the channel, moves slowly 
at the bottom and docs not scour j instead, it deposits inorganic mate- 
rials. If forced aside into a narrow- space, it may cut a channel; 
but in that case it has ceased to be a flood and has become a local 
current. These are characteristics of lowland floods cvery-where; 
the movements of water are governed by the same law throughout 
the world; there is no reason to suppose that other latvs prevailed 
during earlier periods, to be repealed abruptly at the beginning of 
the Quaternary, 

The fioods of torrents can hardly be regarded as supporting the 
doctrine of allochthony. In sonic features they resemble those on 
low-lands, but in many ways the phenomena are different. Ordina¬ 
rily, torrents flow in narrow valleys, more or less gorge-like with 
here and there a petty flood-plain, on which trees grow. Some targe 
rivers, such as the Potomac, Monongahela and others rising in the 
Appalachian cliain, are torrential during flood in the greater part of 
their length, but differ from the ordinary torrent in the width of 
their valleys and of the wooded flood-plains. In all, the rapidity of 
flow suffices to carry off the water, with, at most, trifling overflow of 
the plain, the chief change being in the channel which may be 
w idened or deepened. At ordinary stages, torrents, in areas of con¬ 
solidated rocks, transport very little mineral matter and the water is 
the plain, the chief change being in the channel which may be 
very great. But the coarse material is pushed along the bottom, 
except in extraordinary instances, and comparati\-eIy little is carried 
over to the flood-plain. The rushing w’ater does insignificant tnjury 
to trees or plants on that plain, in spite of great speed, as was show n 
well during the great flood of the Potomac. One can see this for 
himself along mountain torrents, vvhere trees grow- to within a foot 
of the ordinary water line. There are many such torrents in the 
central plateau of France, whose fierce floods have done no more 
injury to trees on dieir rocky walls than is done to trees by the low¬ 
land floods of the Seine area; only fallen stems and other unattached 
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debris are gathered up to be miiigled with inorganic debris froin the 
channel-way* 

But there are floods, caused by cloud-bursts at Oie heads of 
streams with rapid fall in narrow gorges, which are destructive 
throughout. Such floods, loaded with coarse and fine rock niaterjal, 
scour the little flood-plains, removing soil and trees alikCp the latter 
to be deposited with the ma&s of mineral debris in any or ail posi¬ 
tions, vertical, prostrate, inclined or reversed ; and with thenn would 
be rootless stems broken off from the canon walls. The condition is 
wholly similar to that caused by the bursting of a dam, as in the 
Johnstown or the Lake Bague disaster. A torrent flowing in a 
gorge of gneiss or granite, especially if it be so Juvenile as those 
imagined by Fayol and de Lapparent, would be a succession of falls 
and rapids, over w hich trees could not be carried unless the depth of 
water ^vas such as comes from a cloudburst. It is deserving oi note 
in this connection that plant remains occur very rarely in the Siw alik 
conglomerates, w hicli, as described by iledlicott, were brought down 
by the fierce torrents of the Himmalayan slope. The small quantity 
of vegetable materials in Coal Pleasures sandstones is a remarkable 
phenomenon, for sandstones certainly tell of greatly increased activ¬ 
ity in the streams. 

But it is evident from the statemeins by Fayol and de Lapparent 
as well as by several others who have been cited, that the supply of 
plant material comes not from immediate vicinity of the gorges but 
from the w^holc drainage area. The difflcnllies in tlie way of this 
suggestion are very serious. The upland region of Fayol and de 
Lapparent must have been covered with a forest, denser than any in 
the temperates and with an undergrowth like that of a tropical 
jungle. Renault goes farther and tJiinks the vegetation of those 
days more exuberant than that of the tropics at this time. This 
condition makes die asserted results impossible, so that the concep¬ 
tion hardly deserves the exultant compliment by de Lapparent, that 
it is a triumph of common sense. 

if the flood gates of heaven vvere opened and the flow’^ of water 
concentrated on one spot so as to work underneath the vegetable 
cover, the whole surface would he stripped of soil and all else; but 
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there is no other conceivable set of conditions whereby the supposed 
cover of vegetation could be removed. The mass of more or less 
disintegrated and decomposed plant materials on the surface was 
very thick; rain falling on this would be absorbed and tlie material 
vvould be cemented. The roots of plants would resist movement of 
the water; those roots form a network which, under ven.^ unfavor¬ 
able circumstances, suffices to cheek that movement; a handful of 
loose sandy clay on a sloping shelf in a railway cut is hardly dimin¬ 
ished hy a dashing shower or the accompanying rills, if only a bunch 
of grass have Ehrusl its roots through it* How much greater would 
be the resistance of the dense vegetation, one can liardly conceive. 
It would be impossible for a flood to retain any force after encoun¬ 
tering such a walk even though the slope were somewhat steep and 
though die water had been ploughing the surface for some distance. 
The observation$ recorded by Harshmake this sufficiently clear. 
Any one who has stood at the edge of a wooded river-bottom during 
time of high floods knows that, no matter how the water rages out¬ 
side, cjuiet reigns within tliat area and the overflow moves gently. 
Where vegetation is dense, no flood does damage, A flood can never 
gain speed in a rolling country covered with such vegetation as sup¬ 
posed by Renault and others; within the matt of plants it^vould be 
as powerless for injury as is a great mass of snow on a densely 
wooded slope. One cannot repeat too often or emphasize too 
strongly that running water docs not strip off a vegetable cover, that 
floods do not uproot forests, do not tear away beds of peat. This has 
been shown in Part IL of this work^ Be it understood there is no 
reference here to digging of a channel-ways by debris-iaden 
streams; or to such local accidents as disturbances of the vegetable 
cover by eddies around stumps or large bowlders in an open area; or 
even to bursting bogs. Such accidents affecting a few' rods or even 
acreSK are very imporiant to the farmer whose pet meadow has been 
ruined, but they are without interest to one studying conditions 
wdthln areas of many square miles or along flood lines, scores to 
hundreds of miles long, 

Allochtbony applies one set of phenomena, occurring under defi- 
" Formatiem of Coal IL, these PiocI'Eiungs, \'oL L., p. 5 jl 


142 


STEVENSON—FORMATION OF COAL BEDS. f^prU iS, 


nite conditions to the explanation ot another set of phenoitiena, 
which arc impossible under those conditions. It is in constant con- 
flict with what seem to be tlie established laws in nature. The true 
explanation of the formation of coal beds may be still unknown, and 
it may be the lot of chemists, geolo^sts and paleontologists to follow 
many paths of investigation for many 3ears before dUcoA^ering the 
truth; but, to the w riter, it appears certain that the path marked by 
allochthony ends in a ad de saCj walled ivith contradictions] and 
that farther investigation along that path will be fruitless; for 
allochthony magnifies the exceptional into the normal and endeavors 
so to explain away the normal that it may appear to be the ex¬ 
ceptional. 


Autochthoxv. 

According to the doctrine of autochthony, the plants^ yielding 
material for the coal, grew^ where the coal ia now' found; this is not 
to deny that some deposits were made of transported materials; that 
Avould be to deny the evidence of one’s senses; but such deposits are 
of limited extent and have definite features, which distinguish them 
sharply from deposits made in the normal Avay* 

Canx^ and BOGHR.m 

The peculiar structure of cannel compelled geologists to recog¬ 
nize that in origin it differed from the ordinary coals. Newberry' in 
1857 asserted that it is merely A'egetabic mud^ composed of macerated 
cells, deposited in ponds within swamps; Dawson in 1866, J, Ceikie 
in 1S72, E, B. Andrews in 1S73 and Davis in 18S0 enforced this 
explanation by their observations. In 1880, J. P, Lesleycorrect¬ 
ing an erroneous reference to his opinions, enlarged the conception 
and anticipated much of what has been announced in later years. 
His words are 

™ J. P- Lesley, Sea Geol. Siirv. Penn., Preface to Rep. Hs, t8Sd, p. xxit 
''Cannel coal I regard a a vegelahle matter macerated in water, mixed 
with gelatinous water-planls and with the fine &cdinicntary clay which even 
the purest current-water always holds in suspension; and I ascribe the Origin 
of petroleum In cannel as I do ihe origin ot the well-oil, to £uch w ater plains 
and to gelatinous water-animals.'" 


1ST>1 


stevenson-fohmaxiok of coal beds. 


143 


Hut ion and Fbcher and Rust obsefYed that resinous bodies, cell¬ 
like ill character, are abundant in canneb and similar materials ; von 
Gumbel in 1SS3 found in cannel a wonderful mass of disks and 
spores with flocky day^ macerated cells and atgas-lik-e plants. Cannel 
and boghead are surprisingly like the Lebertorf of Purpessein in 
East Prussia, which is a collection of parts of plants in a felt-like 
mass containing insects, leaves, separated cells and pollen grains* 
tlierc being 1,000 of the last to each cubic centimeter. He felt com¬ 
pelled to believe that cannel, boghead and the Lebertqrfs of Purpes- 
seln and of the kurischen Haffs originated in similar manner; and 
he regarded them as closely related to the Plaltekohlo of Bohemia 
as well as to the Tula gas coal of Russia. He observed the algie-like 
bodies in the Tasmanite of Van Diemans land. Friih s studies on 
peat appeared in 18S3. He described the Lebertorf as a liver-brow'n 
gelatinous mass, consisting very largely of algce, there being more 
than 60 species at one localit>'; he discovered that the algse are of 
comparatively rare occurrence in true peat. Penhallow* in 1892 
found great numbers of amber-colored rod-shaped bodies in the 
felted mass of a Mesozoic cannel. 

The results of studies by Bertrand and Rcnaulp** have been 
given in considerable detail on earlier pages* They examined the 
boghead of Autnn in France and the Kerosene shale of New^ South 
Wales. Both contain the flocculent material observed by von Gumbel 
and Penhallotv, hi which are iJic algoe-like forms with pollen grains 
snd vegetable debris. This, they regard as an ulmic jelly precipitated 
from the brown waters on which the fieurs d'eau floated. An infil¬ 
trated substance was observed at both localities, penetrating thalli 
of the algse and, in the Kerosene shale, showing w ftuidal slructure. 
Some plants and parts of plants absorb it energelically and it pene¬ 
trates tile brown flocculent material or fundamental jellv. Ber- 
trantl"5 later studies were summed up in 1900, when he stated that 
these "charbons gelosiqucs” are accumulations of fresh-water alg^ 
in a htimic jelley, their fossilization being in the presence of “ bitu¬ 
men.'" Spores and pollen became fossilized but did not liquefy. 

Formaiion Coal Beds,’* I., these PboCez&ivcs, Vol. L., 1911, pp. 
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They condensed bitumen energetically as did also the hard tissues ol 
plants, which give glance coaL The fleurs d'eau descended in sheets 
wiih other accidental bodies, the speed of descent depending on the 
stage of water; if the water were low, the fundamcnial jdly would 
retard or prevent descent. Absolutely tranquil water was essential 
and the precipitation of ulmic matters by calcareous waters was con- 
stanL The " bituunenp^' absorbed by the various bodies, is regarded 
by Bertrand as a substance intervening wholly formed and coming 
from external sources. He suggests that it may have been in the 
water^ but, in any event, be could Bnd no evidence to show tliat it 
came from the decomposing plants. 

The resemblance of these bodies to alga: was recognized by von 
Gumbel who saw^ more than one ty^^e, as did also Fischer and Rust^ 
but they entertained enough doubt to prevent them from giving 
generic and specific titles to the forms. Some later students have 
felt compelled to dissent from Bertrand and Renault's conclusions 
respecting the algse-like forms, jeffrey^^ subjected the whole series 
of cannels and bogheads to microscopic analysis. By special treat¬ 
ment he succeeded in reducing the minerals to such condition that 
he could cut serial sections wdth the microtome; and in this way he 
made a great number of slides^ giving opportunity for study not 
possessed by his predecessors, Jeffrey's results confirmed Renault's 
conclusion that the cannels are composed in great part of fiaLlened 
spores from vascular cryptogams, which are shovvn better in Amer¬ 
ican than in European cannels* According to Jeffrey, the bogheads 
of Kentucky* of Scotland and of Autun contain readily recognizable 
spores—the forms termed algs: by Bertrand and Renault being really 
spores of vascular cryptogams—and a similar conclusion ts reached 
respecting the forms observed in the Kerosene shale* Jeffrey Is 
convinced that the well-preserved individual elements in these min¬ 
erals are spores and he think.s that cannel and boghead are alike in 
origin. The plates accompanying Ills memoir are elaborate. 

Thicssen^s^*^ results have not been published and only a brief 

E C Jeffrey, On the Nature of Some Supposed Algal Ccals,” Proc. 
Am£r. Acad. Sci^ VoL XLVI., l&io, pp. S73-29&- 

“^FL Tluesstit, Plant Remains Composing Coal” Sewn ft, N. S.. VoL 
XXXIIL, 1914 pp- 551. 
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abstract of liis preliminary announcement has appeared. The 
canncis studied by him are composed almost wholly of sporeHixines 
with resins and cuticles in limited quantity. The so-called binding 
material in the intestices is distinctly of two sobsunces, one^ more 
or less homogeneous and colloidal; the other, more or less granular, 
the fragmentary residue of sporc-exines. He rejects the algal 
lhcor>‘ of Bertra^nd and Renault as well as the sapropelic theory of 
Potonie, both being undemonstrable. The so-caLLed algas are not 
algs, all forms but one having been proved to be exines of spores* 
either of Pteridophytes or Cycadofilicates or of both. A gelosic 
substance such as is called for by the theory' is ’wholly absents 

The exact nature of these bodies, though of extreme interest 
from the botanisfs standpoint, is of subordinate interest here. The 
important fact seems to be that while these bodies are compara¬ 
tively rare in ordinary coolsp they are predominaring constituents of 
cannel and boghead, thus indicating a different mcKle of formation. 
One must bear in iiiind also* that animal remains are present abun¬ 
dantly in many cannels. 

The brown fimdamentaL matter of the cannels and bogheads is 
apparently the same as that wliich forms the basis of ordinary coal, 
and it is supposed by Berirand and Renault to be a precipitate from 
the brown waters of swamp-pools, the precipitant being Ume, Such 
brown waters are widely distributed especially in tropical regions 
Samples of such whaler, obtained by Alarcano in South America, 
were studied by Muntz^*^ who discovered only a trace of lime in the 
dark water, which contains O. 02 S gramme of organic matter per 
liter, yet has an acid reaction. The colorless waters are distinctly 
hard. The authors conclude that the acids were preserved in spite 
of aeration, because nitriRcation and consequent oxidation could not 
take place. When mingled with hard abaters, the acids combine 
with the lime, nitrification begins and desiniction of carbonaceous 
matter proceeds rapidly under influence of high tenrporature. The 
quantity of organic acids is small, even when the color of the water 

Umu and V. ^farcaito, “Sur les eaux noires dc& regions 
lorialcs/" C, J?., Vol. 107* iSSS^ pp. 9Ck% gog. 

PROC^ rHIlr. 50 C., Ul. 20S J, I'RINTIIJ MAV t6, I9.I3. 
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is intignse. Klement^** found so little in the almost ink-black waters 
of Willcbtocck that the inateriat could not be investigated thof^ 
oughly. He observes that the brown waters of Gouda become de- 
colorbsed very quickly in presence of pulverised calcite. 

Humic and ulmic acids arc certainly precipitated by lime: but one 
may not be regarded as liypercritical if he suggest that this can 
have very little to do with the supposed precipitation of ubtiic 
matters in the ponds or stagnant waters of swamps- The deposit 
was laid down in water with undisturbed surface; that would be a 
stagnant pooh which could be filled only by rainfall or by seepage 
through the peat. But the seepage water, hosvcver rich it might be 
in lime at its entrance, would lose all while percolating through the 
peatj as organic acids would take it up; if+ in course o! time^ an 
excess should exist and should reach the pooh the lime would find 
no organic acids there, as the bog itself would contain only the in¬ 
soluble calcium compounds wbicli could not be leached out in ap¬ 
preciable quantity. The condition would be the same^ if the pond 
w^erc fed by a stream meandering sluggishly through the swamp— 
no other w-ould be possible under the supposed conditions. If ihc 
precipitation were a constant process and due to presence of lime^ 
the precipitate should present abundant evidence, for there is no 
reason to suppose that the lime would be removed at any later time ; 
the precipitation was not merely constant, but also so rapid that a 
thick deposit of boghead might accumulate in a single season. 
Everytbingp under such conditions^ would be sealed up c]uickH'. But 
analyses give no support to this conception of the origin, for time 
is an unimportant conslilucnt of bogheads. Liversidge*** analyzed 
Kerosene shale from Greta and from Joadja creek in New South 
Wales. That from Greta contains almut aS per cent- of fixed carbon 
and nearly i6 per cent, of asli; but of the latter only 143S per cent, 
is lime. The mineral from Joadja creek has almost 16 per cent, of 
fixed carbon and 9 per cent, of a^b; but of the latter only 0.3 per 

Klemcnt, pititi artesiens de Willebrorck/' BuU. Sac. BdSf (Jr 
G£oi, VdL 111 ,, l88fj. Mein, pp. 259-362. 

'**A. Liversidgt+ *'Dewriptious of the Mintrals of Sew South Wale&/' 
Dept, of ^lirieSn Sydney^ i8Sc?, pp. 162-164+ 
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cent, lime: no relation exi$t$ betiveen the quantity of lime and that 
of fined carbon or volatile. If one take the Joadja shale as contain¬ 
ing only to per cent, of fundamental brown material, the condition 
remains, as the lime is but 0.027 per cent, of the whole, clearly 
insufficient for precipitation of the organic acids. 

The supply of organic acids must have been very great in order 
that Constant precipitation might be maintained, especially such 
abundant precipitation as to give several inches of fundamental 
jelly in the course of a single season—the water being stagnant, 
Everj'where, the brown waters, even when almost black, contain 
very little organic matter in solution, one part in 20,000 sufficing 
to give marked coloration and an acid reaction. The coffee-brown 
or greenish black waters of South America, according to Humboldt, 
are preferred to all others for drinking, being limpid and of agree¬ 
able flavor. Coville’*' has stated that ivater from the " juniper 
area” of the Dismal Swamp, with the color of tea, was the favorite 
source of supply for vessels departing on long voyages. This is a 
typical locality in the lieart of the swamp: the water is acid in re¬ 
action and the flora is of the acid-resisting type, consisting of 
C/iaftia-n/<ans, alders and heathers. There seems to be no reason 
for supposing that, during Carboniferous times, the stagnant waters 
of swamps approached saturation with organic acids. 

The suggestion that the " bitumen ” is of extraneous origin, that 
it intervened fully formed, that it may have been in the water, is 
sufficiently perplexing. Bertrand finds no evidence that it was de¬ 
rived from the decomposing mass. !t fills shrinkage cracks in the 
fundamental matter and It seems to have penetrated some tissues 
more readily than others—a condition which, for Bertrand, explains 
some differences in coals: glance, composed of barks and cuticles, 
absorbed much, but tissues in matt absorbed little. The aigs-like 
bodies had notable capacity for absorbing this bitumen, Renault’** 
has expressed an objection, which, no doubt, presented itself to 

"*F. V. Coviilc, "The Recent Excursion Into the Disiual Swamp,".foVuciC 
N. S. Vnl, XXXVIII, mil, pp, 871, 873. 

'“B, Renault, " I-tudEj siir Ic temin houiltcr de CoinmeaiTy; Flore fossile," 
Livr. 2, 1800, pp. 6S7, ^ 701, /Oi. 
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many readers of Bertrand’s memoirs. The invading bitiinien must 
have possessed extreme fluidity, as it was injected into alt parts of 
the vegetable debris, passing even through the walls of cellules: 
but that fluidity would have led to complete penetration of the 
sandstones and shales in which one finds the often widely isolated 
coaled plants; but no evidence of that penetration is seen. He 
objects also that if the penetration had been made into tissues, the 
coal should have the appearance of a compact resinous mass; but 
the coaled wood is porous and he found no " bitumen ” in cells and 
vessels. 

The term " bitumen,”' as employed by Bertrand, is extremely 
vague and its actual signification cannot be gathered from any of 
bis writings. A reference to the La Brea (Trinidad) conditions 
suggests that a petroleum is the supposed source. This area was 
studied by Cunninghain-Craig,’*' who states that the Rio Blanco 
sandstone lias so much petroleum that, though tide-washed, it has 
15 to 18 per cent, of sticky oil or soft pitch on the surface, and it 
constantly exudes similar material into the Pitch Lake. The exist¬ 
ence of such asphaltic matter would be recognizable in the rock after 
any period, no matter how long-—one finds asphalts in Carboni¬ 
ferous limestones and sandstones. The glance coal in sandstones is 
caking, rich in bitumen. The objection, however, is not insuper¬ 
able. A light-colored oil with paraffin base might leave no notable 
trace in the sandstone. At the same time, one must bear in mind 
that paraffins do not change, and that the great supply is frotn 
Palseozoic rocks. If they penetrated the rocks and the tissues, it 
is certainly strange that certain solvents extract so little from coal or 
cannel or boghead. Destructive distillation, under similar condi¬ 
tions, obtains rather abundantly from coals sdme substances which 
are almost absent from petroleums. 

But one cannot resist the query. Why go outside of the dccohi- 
posing mass for the source of '‘bitumen'’? If a’source can be 
found in that mass, there seems to be no good reason for searching 
after recondite sources. Coals, even those of Carboniferous age, 

*"E. H. Cwiiningliam-CraiSi “ Pfdiminarj' Report on Guapo and La Brea 
District," Council Paper. No. 30, 1906, pp. 3, ■»- 
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veO' contain macroscopical tmeses of resins^ wliich, in color, 

are ver>' similar to the material revealed by the microscope. 
Palseobctanista have discovered in ferns certain organs closely 
resembling those ivhidi^ in modern ferns* secrete resins and tliere 
appears to be good reason for supposing that Sigillarids yielded 
much resinous material. The gumsr resins and other substances^ 
originally soluble or rendered soluble by microorganismSi would be 
deposited in tissues and crevices. The feature is familiar in recent 
bogs and those of the Quaternary, where the Auidal ulmic and other 
allied substances fill not only cavities in the bogs but also m the 
underlying bed. 

The formation of the cannels and bogheads would seem to be 
explained sufBcientty by the earlier conception, which b^ the double 
merit of $ifflplicity and of accordance with condUions known to 
exist. The minerals conlTSt of vegetable muds with contribution 
more or less important by plants and water animals. The great 
abundance of spores and pollen grains is paralleled in modem times 
by showers of pollen^ the sulphur showers” in wide areas ^ fresh¬ 
water algBE abound in pools of actual swamps—possibly their exist¬ 
ence in Coal Measures times is still problematicaL Alodern sapro¬ 
pelic deposits bear, in many ways, very striking resemblance to can¬ 
nels and bogheads, though certainly there is no evidence of a " bitu¬ 
men infiltration. But tlie hypothesis of extraneous origin of the 
“ bitumen ” seems to be unnecessary, so Lhatp to be accepted, it should 
be supported by incontestabk evidence. Lesquereciix^** cites Zieg- 
mannas analysis of an impure peat* which yielded 6.2 per cent, of 
wax, 0.4 per cent, of resin, and 9 per cent, of ^'bitumen/' It ts 
sufficiently well known that peat* subjected to destructive distilla¬ 
tion, gives ample evidence of containing bituminous matter. The- 
nius, cited by Davis,*has shown that air-dried peat yields 6.39 
per cent, of petroleum, lubricating oil and paraffin wax, besides 40 
per cent, of tar oiU The dried tar yields 54 per cent, of the same 
substances and a notable quantity of ammonium sulphate. The 

LeMiuereux, Sec. Geol. Surv. Penn., Rep. for 18S5, p. 117. 

A. Davii, “ The Uses of Fqat/' U. S. Bur. of Mines* Bull, 16 , l^u* 

p. J36. 
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Ziegler process for securing these substances from peat has been 
tested on the commercial scale, with results approximating those 
obtained by TheniuSi 

Autoclithonists claim that their doctrine is in accord with what 
is Icnown of nature's prewresses and that its fundamental assump¬ 
tions can be verified by observation. They recognise that in some 
respects, modern differ from ancient conditions. The distribution 
of heat on the earth's surface is clearly unlike that during the Car¬ 
boniferous; the dominant plants of modern forests did not exist at 
til at time. But the Carboniferous plants have relatives in the 
modern flora; the chemical laws governing decay of plants have 
remained the same throughout, as proved by a continuous record; 
the erosive action of running water has shown no change in method; 
the laws controlling the deposit of transported materials have te- 
mainecl unaltered from the earliest times. There have been great 
changes in animal and vegetable life; many forms have become 
fitted to new' habitats; hut such modifications are not unknown in 
modem times and they are not regarded as strange. 

The modern peat bog is taken to be the analogue of the ancient 
coal bed. The vegetation is dissinillarp but that is unimportant. 
Land-plant material, lie it of one sort or another, gives peat tinder 
the proper conditionsK The final substance is practically the same 
in the cedar swamps of New- Jersey^ the cypress swamps of the 
southern states, the swamps of Scandinavia and in the buried 
swamps of the southern stales, the swamps of Scandinavia and in 
the buried swamps of the GangeSp western India or the Mississipui; 
and^ in all of those* it is the same as that in the great tropical 
sw'amps of Florida, Demarara and Sumatra, where it is derived 
from wholly different types of plants. Everywherep the final result 
of decomposition is the same; the plant material \$ converted into 
a mass of organic acids and salts, enclosing large or small woody 
fragments of resistant composition. The difference in plants does 
not affect the matter under consideration; Carboniferous plants 
were converted into peat when exposed to the proper condition, just 
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as are modern plants, the same organic materials being common to 
them both. 

The vast extent of some coal fields is urged as a vital objection 
to autocblhonj, because there are no delta-plains so great as the 
larger coal fields of America or Qiina, But tlib h not correct. 
The Ganges ‘1 Ildus flood plain area^ like that of the Yang-tse-kiang, 
is as great as the Appalachian basin and each has, in a considerable 
part of Its extent, conditions favoring accumulation of peat. Too 
many writers commit the error of confotinding extent of coal field 
witli extent of coal bed, and they refuse to believe that peat could 
accumulate synchroiiousiy throughout the vast areas. Though in 
no wise enamoured with mcNdern causes, they appeal to them quickly 
and cite the limited extent of modem peat bogs, none of which 
resembles the Appalachian coal basin. But these writers forget or 
do not know that coal was never accniiiulating at any one time 
throughout a great field. Even at the time of the Pitlsburgb coal 
bed, with its probable area of more than iSpOOO square miles^ there 
was not synchronous accumulation. During the earlier part of that 
bed's history, as shown on an earlier page, coal was forming in less 
than one tliird of die areai and during the later portion there was 
no accumulation in perhaps half the area. So with other beds; 
coal accumulated at separated localities, a few square miles or 
hundreds of square miles in extent, sometimes near together but at 
others far apart. During most of die time, conditions were un¬ 
favorable to coal accumulation in probably by far the greater part 
of the more extensive basins. One has to consider not vast sheets 
of coal, bnt local deposits. The condition, ino&t probably, was that 
now seen in Holland, Belgiutn, northern France and northern Ger¬ 
many, where the peat deposits are in separated areas, large and 
small; but they are contemporaneons and mark a definite liorizon. 
The important continuous area of Holland. Belgium and northern 
France, now largely buried, is nearly as large as that on which any 
bench of the Pittsburgh seems to have accumulated; and the thick¬ 
ness in some places is importaut. The Everglades of Florida is 
■ almost as extensive and is only one of the many swamps in Florida, 
where the distribuiion is very like that at some coal horizons in the 
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Appalachian basin. Tlie thickness of certain coal beds has been 
regarded as weighing heavily against autnichthony. But the modem 
peat bogs, which have been studied in detail, are youthful, of only 
post-glacial origin. Possibly in course of time there may be at 
many places peat deposits of immense thickness like those in some 
portions of the Alaska tundra; but it is more probable that no 
deposit will excel the average coal bed; reclamation of marsh land 
has checked peat accumulation in much of Germany and is likely to 
do it throughout the civilized w'orld. 

The earlier writers studied mostly the treeless moors; but many 
features of coal beds, wanting in those, are reproduced in the Wald- 
rtioors or forested swamps, which are familiar in much of northern 
Europe and in the United States. In all probability they are of 
rtiiKb greater extent on the broad plains of the Amazon and Ori¬ 
noco, where, however, they have been studied only as forested 
swamps and not as producers of peat. Kuntze has shown that 
similar areas of vast extent !n the Paraguayan region arc genuine 
\^■aIdmoo^s. The prevailing flora of such sw'amps in the tem- 
perates consists of conifers, heathers, sedges, with ferns and, usually 
as late arrivals certain mosses. Tliese plants are in a habitat resem¬ 
bling that in which the Coal Measures plants are supposed to have 
lived, so that there should be important features in eommon, if the 
doctrine of autochthonous origin be true—for that asserts that the 
older flora grew in areas covered with decomposing vegetable 
materials. 

The swamp flora of modern times consists very largely of plants 
with marked xerophytic or drought-resisting features; similar char¬ 
acteristics have been recognized In the Coal Measures flora, as well 
as in those of some later coal-making times. The facts that some 
plants living in swamps are found elsewhere, flourishing on arid or 
semi-arid soils, has led to the suggestion that they may be only inter¬ 
lopers. Hen slow *“ has conceived that the xerophytic features of 
Sttgniaria and Lepidodetidrott could have been acquired by living 

“"G. Hen slow, "On the Xerophytic Characters of Certain Coal Plants, 
and a Suggested Orialn of Coal Beds,” Quart. Jonrn. Ceol. See^, Vol. LXlII., 
190J, p. 383, 
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long on dry ground, and that they could have been retained even 
alter the forms had migrated to a swamp. Seward and on 

the other hand, recognized indications in the structure that the con¬ 
ditions of growth required development of characteristics associated 
with the xerophjtic habit. 

The readiness with which certain tj’pes of plants accommodate 
themselves to the extreme dampness of swamps or to the aridity of 
sands has been, long time, subject of investigation. Davis’** says 
that swamp plants growing at die watef'level are drought-resisting; 
their leaves are contracted, have dense cuticle and are often coated 
with waxy or resinous materials. The condition against which they 
are protected exists in swamps as well as in dry soils. Peat, though 
holding much water, parts with it reluctantly; even after the centrif¬ 
ugal test, the retained water equals 142 per cent, of the weight of die 
dried peat, and the material appears to be merely damp. Under 
similar conditions the retained water In sand is but 2 to 4 per cent. 
There is physiological dryness in peat; the water is ample but not 
available. 

Covillc’** has shown tliat another agency is important. He 
recogniaes fully the fact of physiological drjness, but he regards 
another agency as of e<iual or in some cases of much greater impor¬ 
tance. The blueberry grow's luxuriantly in swamps, but equally well 
in the sandy soil of pine and oak woods on the Coastal plain and in 
the spruce woods of the White mountain slopes. The factor deter¬ 
mining distribution of this plant is acidity, it cannot thrive if the 
soil be alkaline Or neutral. The surface in the pine and oak woods, 
as in the spnice forests, is covered with a litter of decomposing twigs 
and leaves, whence organic acids are carried to supply the plant’s 
needs. The rootlets are without the fibrous appendages, which 

C Scu'ard and .\. W. Hill, “On the Stnicture and Affinities of a 
Lepidodendroid Stem," Trans. Roy, Phys. Sot. Edin,, Vol. XXXIX,, 1900, 
p. 92a 

“■C. A. Davis, cited in “Formation of Coai Beds,” these Proceedixcs, 
Vol, L, 191 r, p, 601. 

”F. V. Covilie, “Experiments in Biueberry Calture,” Bur, PJ. Ind., Bull. 
103 . fOOo: "The Formation of Lcafmold,’*/oiirn. Wash. Aead, Sei., Vol. III., 
ipiS, pp. 87-891. 
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characterwe ordinary upland plants, so that the absorbing surface is 
reduced, while the protected leaves prevent rapid loss by evapora¬ 
tion. The rootlets contain abundantly a mycorrhizal fungus, which 
fills many cells and forms a network outside on the ceil wall. Simi¬ 
lar fungi were discovered by Miss Temetz in rootlets of the cran¬ 
berry’ and other swamp plants. CovLlle finds them in most of the 
acid-loving plants, such as the laurel, birch, chestnut, conifers, oaks, 
club mosses, ferns, orchids, and thinks probable that tlicy convert 
the unavailable nitrogen of acid, peaty soils into available nitrogen, 
so as to provide proper nutriment to the plants. 

Fungi, myriapods and insect larvte are efficient in hastening 
decomposition. Coville says that myriapods are almost incredibly 
abundant in the very acid laurel (Ab/imw) peaL Renaull’^^ pre¬ 
sented to the gcolc^cal Congress at Paris a synopsis of his great 
work on the '* Microorganismes des combustibles fossiles," in which 
he indicated the work performed by lower types of life. Study of 
the Grand’Croix flints proved that micrococci and bacilli abound in 
that petrified peat as they do in modern peats; he found them abun¬ 
dant in bogheads, canncls, lignite and coal. Mycelia of minute 
champignons are present in the macrospores of Kentucky cannels as 
well as in wood fragments of coal beds. The close resemblance to 
peat conditions led Renault to the conclusion that the plant materials 
were infected diiring sojourn in swamps before being swept away by 
floods, which he believes were cstremcly violent during Paheozoic 
time. 

Conditions dcrinc Coal Measures Time were Favorable to 
Accuml'lation of Pe,\t, 

Assuming that the writer's conclusions’** presented on an earlier 
page are approximately correct, one must regard the Appalachian 
basin, at the close of the Pottsville, as in great part an irregular 
plain, raised not far above sea-lcvcl and liable to flooding by many 

*** B. Renault, “ Du role de qiielques bacleriacees fossiles au point dc vtic 
fi^otogique," C, S. V}!!e Co»£. Gicl. Inl., ipol, pp. 616-6^3, 

" " Fctrmation of Coal Beds,'' 111 ,, these FrdceediNCs, VoI, LI.. 1312, pp. 
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rapid streams issuing from the Appalachians at tliC east and the 
Canadian highlands at the north. The sluggish drainage was rend¬ 
ered more uncertain by irregular subsidence, by formation of gentle 
plications as well as by local elevation or subsidence in more or less 
extensive areas. Almost the whole basin w'as land at the beginning 
of the Pennsylvanian, as appears from the unconformity between 
that and the underlying Mississippi an, which is marked by an eroded 
surface in all parts of the area, and by the absence of the Pocahontas 
and N'eiv River beds from the northern portion, except in part of the 
anthracite area, TIic gradual northward advance of the Beaver 
deposits evidences the slow and frequently halted subsidence. Tlic 
conditions were ivholly similar in Indiana and Illinois, west from 
Cindnnatia, and they are equally distinct in Iowa and ^ftssou^i, tvest 
from the Mississippi river. In all this vast area of perhaps half a 
million square miles, one finds the unconformity between Mississip- 
pian and Pennsylvanian marked by extended erosion, and the first 
beds of coal, in any district, arc irregular, occupying more or less 
isolated basins in the eroded surface. 

The relations of erect tree stenis are important in this connection. 
Much energy has been expended in the effort to prove that trans¬ 
ported trees can be deposited in vertical position; but all that energj’ 
has been wasted, for no one, familiar with the matter, ever had any 
doubts respecting the matter. The possibility could not be dis¬ 
puted; the doctrine of chances converted it into a probability and the 
existence of snags in the Mississippi river made it a certainty. 

.All such discussion is foreign to the stibject and tends to divert 
attention from the only point at issue, which is. Are these particular 
stems in sihi or not? Each occurrence stands alone and it must be 
considered apart from all the rest. 

Erect stems have been observed in all coal fields and often in 
such relations that not merely unscientific obsen^rs but also trained 
geologists feel compelled to recognize that they are fw hco natali; 
Jukes, when he saw the Parkfield stumps, admitted, though somewhat 
grudgingly, that the trees Certainly looked as though they had grown 
there and that perhaps they had. The observations by Beckett, Ick, 
Darwin, Goeppert, Sorby. Barrois and others, recorded in earlier 
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pages, describe trees as clearly in Jj'fw as are those of Senfteoberg, 
described by Pototiie, or the stumps in cedar swamps of Kew Jersey 
(jr cvpress swamps of Louisiana. One is amazed at the manner 
in which the evidence is received, for not infrequently there is an 
implication that all may be mere assumption, that possibly other 
explanations may be found, since no one saw the trees growing. It 
is an assumption, as is almost every'thing in the reasoning of everV' 
dav life. The writer has seen many extensive areas of cleared land 
on which the stumps remained; he had not seen the forest in exist¬ 
ence, but the relations of the stumps convinced him that they were 
fij hco no fail. Buried or submerged forests are commonplace now. 

The argument in favor of ui jifn origin is based on clear-cut ob¬ 
servation. The branches of Stigmaria are interlaced in such com¬ 
plex fashion that the most ingenious efforts have failed to explain 
away the phenoitienon, and allochthonists have found themselves 
compelled to resort to the remarkable suggestions of debacles and 
transport en bhc; but those were impossible amid topographical 
conditions such as. according to both allochthonists and autoch- 
thonists. must have existed in the Coal Measures areas. It is abso¬ 
lutely certain that no such disturbances accompanied the deposition 
of the rocks holding the tree stumps, for every feature indicates 
gentle action: the rhizomas are spread out in normal condition and 
retain their slightly attached appendages, while the rock itself is the 
same in all features as it is elsewhere. In many localities, such as 
those described by Schmitz, Ick, Lesquereux and others in the Coal 
Measures, Potonie, Darwin and others in the Tertiary, the Spaces 
between the trees are such as are found in forest growth. In some 
eases, such as those mentioned by Goeppert, Dawson, Grand'Eury 
and others, successive growths on the same site are recorded, roots 
of the newer generation descending amid the stems of their prede¬ 
cessors. Kot rarely, the roots pierce impressions of leaves previ- 
misly buried in the soil. .At times, prostrate stems are abundant in 
the intervals between erect stems and frequently the former out¬ 
number the latter; inst as one sees on the surface of forested swamps 
along the Atlantic coast and in the southern states. In not a few 
cases, the debris of leaves and twigs accumulated about the bases 
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of the trees, becoming a thin coal bed overlying the roots and 
extending to a considerable distance- This too is a familiar condi¬ 
tion in modern times, Upland peat,” as CovLlle has termed it, 
sometimes accumulates to notable thickness in conifer and oak 
forests: lie reports a thickness of 5 feet in some areas. The writer 
knows "only too well that such peat accumulates to a thickness of 
more than 3 feet in the forests of gigantic firs within New Mexico; 
on more than one occasion^ his camp narrowly escaped destruction 
because the peaty material had not been removed to the bortom 
before a fire was lighted. 

Erect stems in many cases are cut off abruptly at top or bottom, 
as abruptly as though they had been saived off* For this condition, 
which occurs so often in the roof of coal mines, there is no ex¬ 
planation aside from growth in siUt, The absence of roots to sawed 
off stems in the roof, and of crowns to sawed off stems in the mur 
can be due only to slipping of the coal, which destroyed the original 
continuity I. 

The great number of erect stems discovered in the narrow' ex¬ 
posures of mines and on the still more limited space of natural out¬ 
crops renders wholly reasonable the suggestion that, if coal w'ere 
mined by stripping, fossil forests w^ould be found abundantly in all 
fields, as Binney long ago suggested for the Lancashire region. The 
stemsi w^hich have been found, are associated in many cases with 
ripple-marked sandstones, the ripples at times resembling the com- 
plicaied forms characterizing dunes or loose sand. Altogether, the 
evidence show'ing that the trees, under consideration, grew where 
they arc found, is in every respect as conclusive as is the evidence 
that the logs between Cape ^Malagash and M'^altacc Harbor, described 
by Dawson,are a petrified raft of driftwood, or that the irregu¬ 
larly distributed battered tiniber found in sandstones is not a growth 
in place. The reasoning is the same in both cases, an application of 
knowledge gained by actual observation to explain conditions where 
actual observation of the process is impossible. 

While the existence of great numbers of trees m JiYii, so dis- 

^ J, W. Daw$oTi, “ Some Fosails found in the Coal Formation of Nova 
Scotia,'^ Quart. Jourtf. CeoL StfC., Vol- II.p pp. 132-136, 
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(ribined as to suggest strongly that they belonged to forests, may have # 
no direct bearing on the forTnatton of coal beds, it has an extremely 
important indirect bearing. It is part of tlic proof that the region was 
a land area, covered more or less with %'Cgetation, The other elc^ 
menls of the proof have been set forth with ample detail in Part 
III. They are, the extraordinary horizontality of the strata in many 
thottsands of square miles, where the disturbing forces have not 
acted, showing marked resemblance to conditions on the Siberian 
steppe, described by Belt, or to those on the Gangetic plains, de¬ 
scribed by Blanford^ the absence of plant remains in sandstones 
and shales in great areas; the presence of coal and shale pebbles in 
many deposits; the gradation in size of pebbles, indicating rehandling 
by streams; the extreme freedom from fine material along definite 
lines of coarse rocks, distinct evidence of river selection; the buried 
valleys, scores to hundreds of miles long; the gullied coal beds; the 
widely extended sub-aerial erosions: the vast deposits of fine shales, 
proof of long sub-aerial exposure of the rocks, whence they were 
derived; the shallow w'atcr character of the localized marine lime¬ 
stones. which occupy definite areas, resembling estuaries extending 
into valleys; the ripple-marks, siincracks and footprints, obsen-ed at 
many horizons. Some of tliese features, if they existed alone, might 
be explained in other ways; but they do not occur abne. They 
roust be considered as a whole. The conditions w'ere such as to 
favor the accumulation of peat; the coal beds must have accumulated 
under practically sub-aerial conditions—unless one accept a flexi* 
bility of the earth’s crust, many times greater than that which some 
alloch then i sis imagine i& demanded by autochthonists. 

Thb Peat Deposits RtiSEMuf.ii Coal Bitus. 

Crand’Eurj* says that in the coal tlie plants have been broken up 
and the parts scattered; fruits and leaves are separate from their 
stems; layers of bark have been displaced; the interior portions of 
stems have disappeared and only the flattened cortex remains; 
woody parts have been dispersed as fusain; stems are split and 
torn; Cordaiics leaves arc imperfect; everything, bark or leaf, is 
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fragmentary; a |;reat part of the tissues was transformed into a 
vegetable pulp, which makes up most of certain coal beds* Long 
ago l^sqiiereux described mature peat in vct^’ similar terms, the 
fragmentary materials being embedded in an amorphous material, 
consisting of organic acicis and their salts* Von GumbeTs descrip¬ 
tion is much the same; the amorphous material, much of which was 
originally ftocculent, is his Carbonhnmin, which binds together the 
plant fragments and the often abundant mineral charcoal, which he 
terms, Torffaserkohle. The cementing material, soluble in the bog, 
becomes insoluble on drying. GraTid-Eurj''s description of coal 
applies equally to matured peat, especially well to that of the Ameri¬ 
can cypress swamps. It is thoroughly applicable to the coal balls ” 
as well as to the Grand’Croix dints, all of which arc regarded by 
investigators as iietrified peat. 

In one respect, however, the description does not apply to nianv 
peat deposits* Coal often consists largely of flattened stems, the 
interior having disappeared. On preceding pages, the presence of 
prostrate stems and erect slumps has been mentioned as characteristic 
of old or new Waldmoors in all parts of the world. .According to 
Harper, such stems and stumps arc so abundant in many Florida 
swamps as to make the peat conimcrcially worthless; Cook savs that 
in the New Jersey swamps stems of white cedar arc so numerous 
that one has difficulty in thrusting a sounding rod througli the mass* 
Similar crowding of stems appears to be a familiar feature in the 
deposits of northern Europe, according to all observers from De Luc 
to the present* In very large part, the wood is fairly well preserved; 
the Irish bog oak and the New Jersey white Cedar arc utilized by 
cabinet-makers. Grand'Eury's description alTords the explanation. 
There was little woody material in most of the Carboniferous trees; 
there is much in the conifers and oaks of modem swamps. But 
woods of other types do occur in Rattened condition within peat; 
von Giimbel found them at the depth of only one meter, so that the 
collapse was not due to pressure. Fruh made ilie same observation 
in the great Digennioor of the Bavarian higliland: the late-Quatern- 
ary Sdiieferkolilc contains Rattened stems of harder woods—and 
here too the deformation is not due to pressure, for cones, not dc- 
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fotmcd, lie alongside of tlic flattened stems* Erect stutnps are of 
comparative!)'' rare occurrence in the coal, Ibnt they abound in Ter- 
tiarv and Quaternary deposits. Evidently, cellulose predominated in 
the older forms as lignin or woody tissue predominates tn the newer. 
As Andersson'*^ says, if the cell walls of all plants had consisted of 
pure cellulose, we probably should have found scarcely a trace of 
the plant world which once existed upon the earth. 

Peat is laminated but not in all cases like coal, for in the latter, 
the lamination is due very often to flattened stems. The existence 
of well-preserved woody stems in many swamps obscures the lamina¬ 
tion. But Lesquereux long ago recognited the layer-like structure 
of new peat, where the thickness of layers is not far from an inch, 
while in the mature peat it is not more than an eighth. Von Gumbel 
ascertained that compression makes the lamination of even sphag¬ 
num peat distinct. 

Peat beds have definite benches like coal beds, Lesquereux says 
that in some bogs the ash is different in color. Such benches are as 
well marked in peat deposits of northern Europe as in any coal bed 
and they arc equally well marked in the Schiefcrkohle of Switzer¬ 
land. so that the histor)’ of each bench is clear. The passage from 
one to anotlier is abrupt, as appears from sections given in Fart II. 
There are, very often, distinct partings, consisting of a crust formed 
during periods of dryness, when growth of peat is checked and 
oxidation succeeds; this crust persists after growth has been re¬ 
sumed. Its character is very similar to that of the thin partings in 
the Pittsburgh coal bed, which consist of mineral charcoal with 
mostly impalpable inorganic n^atlcr, such as would remain after oxi¬ 
dation of vegetable substance. Explanation of tliose partings in 
this way seems to very simple and not far-fetched; lowering of the 
water-level only a few inches would suffice. The period during 
which that bed accumulated was one of irregular atid more or less 
differential subsidence. 

On a preceding page, it was shown that the ash in cpal is from less 
than 1 per cent, to any per cent,, the passage from coal to carbona- 

’"G. AncIcriMii. "Studier Mver Finland* Torfrooisar «h inssih Krar- 
tarflora." BuU. Cetw. Clol. dt Fintoude, Na 8, iS{)8, p. lOl, 
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ceous shale being continuous, from the chemist’s point of view. So 
with peat, for one may find clean peat with little ash passing gradually 
into ordinary mud within a mile or less. Coal at times has very much 
less ash than was contained in tlie plants w'hence it was derived; the 
same is true of peat, which, as a commercial product, has from i to 
20 per cent. But sphagnum has from 3 to 4 per cent., yet VoW 
analyzed a sphagnum peat which contained only 1.25 per cent, of ash. 

Coal beds are buried deeply under detrital deposits; but those 
deposits were laid down, one at a time. Peat beds are of late- 
Quaternarj* or Recent age; opportunity for deep burial has. come to 
few of them. But buried hc^s are a familiar phenomenon and in 
some cases the cover is thich. At one Jocality in Ohio, a bed, 15 to 
20 feet thick, underlies 90 feet of sands and gravels; in Indiana, one 
bed, 2 to 30 feet diick, has been found underlying a considerable 
area at a depth of 60 to 120 feet. The buried peats of Scotland, 
France, Germany, Holland, Switzerland, equaliy with the buried 
cypress swamps of the Mississippi region and the great buried swamp 
of the Gauges area, all afford proof that it is not the necessary fate 
of peat bogs, jir jiti/, to be destroyed by oxidation. 

The. ex tent of modern peat deposits compares very favorably 
with that of coal beds; that, extending across Belgium from Holland 
into France, equals the extent of the Piltsburgli coal bed as it exists 
to-day. The upper peat bed of the Gangetic plain seems to have 
been proved in an area of nearly 2,800 miles, exceeding that of any 
.American coal bed except the Pittsburgh and two in the Middle 
Pottsvilie. The Alaskan tundra has much greater continuous areas 
and at some localities the thickness is very great. 

Coal beds frctiuently divide and in some cases the divisions re¬ 
unite. Peat deposits do the same, as Lorie s records show. True, 
the divergence 01 peat benches is not so remarkable as that observed 
in some coal beds but otherwise the condition i$ the same; at times, 
the origin of other features is suggested. The irregular subsidence 
of the New Madrid region on the Mississippi affected an area of 
rather more than 2.000 square miles; when that depressed region 
has been filled up by silts and overspread by a new swamp, division 
and re-union will be as distinct as it is in the Mammoth coal bed. 
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Peat d«:posits fe&t as do coa! beds on sandstone, shak, clay or 
limestone and the limestone may be either fresh water or inaruie- 
Llkc coal beds they underlie a roof of any sort and at tintes they are 
intercalations m marine calcareous shales. The association with 
marine beds is clearly no evidence of deep water or of flexibility in 
the earth"s crust. 

Is Conclusion, 

The coal beds and the associated rocks are of land orig^in; the 
detrital deposits are those made by flooding waters on wide-spread¬ 
ing plains; the coal beds, in all essential features^ bear remarkable 
resemblance to peat depositSt sometimes to the treeless moor, more 
frequently to the Waldmoor. 

But many matters still await explanation, among them some 
which the writer hoped to explain as result of this study. And 
they are likely to wait long. Ko extensive cool field has been 
studied closely; in spite of the imposing arraj of skeleton sections, 
there is an astounding lack of detail respecting many matters which 
appear to have no imponant bearing on Commerce. Until the topog¬ 
raphy and geography of the Coal Measures land have been worked 
out. geologists must be content merely with probabilities concerning 
the remarkable bifarcatlou of some coal beds, the variations in sub¬ 
ordinate intervals between two approximately parallel coal beds, the 
presence of huge blocks of transported rock in coal and the asso¬ 
ciated rockSp the immensely long periods of stable condiltons indi¬ 
cated by the thickness of some coals, and some others which will 
suggest themselves to the reader. It is true tliat these are all purely 
local in character,, but they occur at many though somcivhat widely 
separated localities. The explanation for some of them must await 
the solution of certain problems in physical and chemical geology, 
lying wholly outside of the questions considered in^this memoir. 

These matters, however^ do not concern the genera! problem with 
w^hich this study has been concerned. In the present state of knowl¬ 
edge, as revealed in the literature, that finds its solution in autochth- 
ony alone. 
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Fluting is a peculiar minor form of topographic relief, but where 
it occurs over an area large enough to attract attention, it is a very 
.striking feature. 

All geologists are familiar with the fluting of limes tones, which is 
a common phenomenon all the world over. Many fine examples of 
the fluting of limcistones are given in Dr H. Stifle's ** Gcologische 
Giarakterbilder.^' 10 Heft, published at Berlin in 1912, in which thev 
are called " Karren/’ 

But the fluting of granites or of other crystalline rocks is. so far 
as I have been able to learn, confined to tropicah and possibly sub¬ 
tropical countries. Two cases that oecur on the coast of the state of 
Pernambuco in Brazil were mentioned by me in a paper on rock 
decomposition piiblislied in 1896;^ Since that paper was published I 
have seen in Brazil some ver}- striking examples, and have seen 
photographs of several others. Good examples are also cited by 
Max Bauer^ who speaks of them as furrows (Rillen).^ 

C. Branner# “Decomposition of Rocks in Brazil/^ BuL GeoL Sac. 
/Ifflrr.. Vll-, afev Rochester, i 8 ^. 

*Neufs Jtthrbuch Mtntrahgie, iSr}8, II-h 192, and Plate XI. 
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The cases menttoncd by Bauer occur in granites at Point Larue 
on the Island of Mahe, one of the Seydielle Islands in tlie Indian 
Ocean, about latitude 4“ 30' south., and longitude 55“ east* 

Tile most impressive examples of the fluting of crjstaliine rocks 
that I have ever seen were found in 1911 near tite village of 
Quixada in the interior of the state of Ceara, Brazil (Plate I.), 
latitude s' 5' south and longitude 19° atf west at an elevation of 180 
meters above tide. In tIte vicinity of Quixada almost every elevated 
exf^ure of the granites shows more or less fluting. Only those of 
which the best photographs were obtained are shown in the accom 
panying plates. The hills shown in these pictures are from too to 
325 meters high, that is above their bases. Effort to get photographs 
of the fluting about Quixada have been only partially successful, as 
may be seen from the illustrations given with the’present paper 
Horace E. Williams of the Servi^o Geologico do Brazil has sent me a 
photograph of fluted granites in tlie Serra de Rorborema, 35 kilo¬ 
meters south of Campina Grande in the state of Parahyba. 

Other cases that liave come to my attention occur in the interior 
of Ccarii, and about the famous Itatiaya, the loftiest peak in Braail, 
situated in the extreme nortliwcst corner of the state of Rio de 
Janeiro. Itatiaya has an elevation of 3.994 meters above tide. The 
fluting of that peak was mentioned to me many years ago by Jlr. 
Derby, the present director of the geological survey of Brazil * but 
I did not tlien fully realize the extent and amount of it. 

Recently I received from Dr. Carlos Morcira, of the N'ational 
Museum at Rio de Janeiro, some photographs made by him of the 
Itatiaya peaks together with specimens of the rocks themselves. Dr. 
Morcira spent some forty-flve days on and about that peak, and 
though his photographs are small, they are clear, and they are the 
best we have thus far seen of the fluting in that particular recion 
(Plate II.). 

Characteristics of thk Fluting op Granites. 

In the fluting of limestones there is generally left at the crest of 

*BuL Cf&i VU., 2 Scs, footnote- 


Pfiocf EfflNos Am. Philos. See, VoL. Lll. No. 509 


PlATE 



lie Obras Contra as Scccaa, jilsob, tylL 








i 


4 


•V' 


It 




Am. Philos. Soc. Vol. lM. No. 2Q9 


Pl^tc M 


A 



3 



Hiiu^-tl syeniti; pn a riff alKMit tlst isiimniit of ftalia^'a. State ui Riu dc 
Jaiifsiro, BririL Caitos Mureira, phot. 
















10 * 3-1 


OF GRANITES IN THE TROPICS. 




the ministTire watersheds characteristic sharp, but somewhat ragged, 
combs of the rock^ Between the$e divides are narrow, rourid- 
bottomed furrows or grooves tliat run down the slopes of the rocks 
by the sliortest routes. Utese shallow grooves suggest the marks 
made by the fingers w'hcn drawn across a mass of plastic clay or 
putty. The furrows or grooves In limestone, however, arCp as a 
rulCp only an inch or so in diameter; that 15 the fluttug of limestones 
is not usually on a large scale^ 

The illustrations given in Dr. Stille^s “ Geologische Cliarakter- 
bilderp'" Heft jo. however, show Hutings in limestones of various 
kindSp and some of these have unusually large furrows, 

ITie fluting of granites and other coarsely cr^'staUine rocksp how-- 
ever, is on a large scale, and the grooves have only a remote rcsem* 
blante to those on limestone surfaces. The fluted surfaces neces¬ 
sarily appear only where the rock is entirely bare of sotL For the 
most part the furrows start at the sunimit of the exposed rock or a$. 
near it as possible, and run straight dowm the rock slopes by the 
shortest possible routes. Those seen at and about Quixada reach a 
maximum depth of nearly t^vo meters measured at right angles to the 
general surface of the rock masses. This takes no account of the 
ordinary gullies cut by the larger streams. Instead of having sl^arp 
combs separating the drainage areas of the different furrows, the 
divides or miniature w^atersheds on the granite surfaces are alw^ays 
rounded. But while die surfaces of the granite rocks are rounded in 
general outline, they arc quite roughp this roughness being caused by 
the coarse crystals standing out boldly over die entire exposed rock 
surface. About Quixada the rocks contain hut little quartz, and 
feldspars are the minerals that produce this roughness of surface. 

Caldkox"-like Pits, 

In the Quixada region the fluted rocks arc covered here and there 
w ith great rounded caldron-like pits some of which are associated 
directly or indirectly with the fluting. These pits are shown in some 
of the accompanying illustrations (Plates III.. TV-* V.), They are not 
usually very deep, that is, they seldom exceed a depth of two meters 
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when isolated, and they reach a diantelcr of two meters or more, 
though they are generally not so wide. The fluting sometimes has 
the appearance of originating in these caldrons, but this seems to be 
due to the water overflowing and cutting notches in the rims on one 
side and thus merging the pits and the fluting into each other. In 
some cases I have seen a series of these pits in a nearly vertical row 



and connected by a furrow that gives the whole the appearance of a 
great irregular staircase mounting the hill (Fig. i). 

These caldrons arc very abundant in some of the rocks, while in 
others they do not appear at all. They occur on the tops of moun¬ 
tains, hills, or bosses, on the sides and at the bases j they are mostly 
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Plate III 



A. sitifj (liitL'El liills 2.1 kilometer iSj, near Ccara. Wiir- 

inff. jihist., i<>i2. 

Plnlttl aitil pitteil kills ;it klloiBctcr t8,lS5^, Ccari. 

U arin^. phot., 1912. 
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Plate IV 



A. riitird liytJiitt fCLsi rtf the raitway near Qtiixadii, Cwirl Wanug. 

|gl2, 

B. Pitted ^ranodioritt^ near Qtiixadii, E. LciL, phot, l^jlt 
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Plate V 



\r Fluiutl ^m\ |iitic4t itrMmliorUe near QiiixaiU, Ccatl. E, Lrili^ 
nni. 

IL Piiitd griiTiuif bcIWL^cn I lie! ^tntioli^ of Jutico aiad Quijtadsi. E. Lcibn^ 
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vertical or nearly so* but some of them are also nearly horizoniaL At 
Quixada they are more abundant on the gentler slopes and especially 
about the bases of the hills. In Plate Fig, for example, there is 
a striking difference between the fluted surface in the upper part of 
the hill and the pitted and fluted surface of the rock about the base 
of it. 

The great rock in the edge of tlie village of Quixada is a striking 
illustration of the combinatton of pits and of fluting, though the 
caldrons are the more marked feature of this particular mass (Plate 
VL^ Fig. B). The photographs of Itatiaya show the surface to be 
pitted here and iherc^ but the pits appear to be formed on vertical 
walls as well as on sloping or flat surfaces (Plate Figs. C). 

A gcxkd deal has been made of pits or pot-holes in die granites in 
other parts of Brazil. In Hartt's ^^Geolog)^ and Physical Geography 
of Brazil," at pages 314-315* *s an account of holes observed tn 
granites in the interior of the state of Bahia. Following are the 
notes of J+ A. Allen on the region southeast of the Serra de Jacobina. 

"At frequent intervals there: were singular holes in the rocks^ usually 
nearly HfJed with ^atet, to iilikh the Inhabitants give the name "caJdejr^s/ 
These * caldciroes * arc of frequent ixcurrencet but [ was nonble to learn 
whether all were of a aimilar ebameter. Nearly all of tbe considerahle nnm- 
ber cKamined proved to be genuine pot-holes, and some of them were of great 
ftze^ The largest one I measured w^as elliptical in ooitline, eighteen feet long, 
nine Qt ten in width, and tw'cnty-seven deep^ with smoothly worn aides- Be¬ 
neath the water that panially filled it there must have been many feet of 
materials that for ages have been falling into it, so that its whole depth must 
be much greater than my ineasuremenls indicate.'* 

Professor Hartt adds the following as a footuotc: 

^ Mr, Allen tells me tbal these pot-holes often occur out on the plain, far 
away from any high land, and ihat they are aociethnes found excavated in 
the summits of slight bulging^ in the plain, or even on the top of a hill, as m 
the case of the Morro do Catdetrao. These holes must have been excavated 
by falling water. There U only one suggestion That I can rriakc as to their 
origin, and that is that they were formed by glacial waterfalls, in the same 
way as the pol-boles found over the glaciated regions of North America, as. 
for instance, in New Brunswick and Nova Scotia, where I have had an oppor¬ 
tunity of examining them. It U well known that glacial waterfalls^ tlotwiih* 
itanding jhc constant movement of the ice, are very often stationary, and 
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in the Alps they hoTlow cut enorroous pot-holes m the ro«ki. The bke plain 
is noted for the small amount of deeompositwn which has taken place over 
it, owing, I believe, largely to the fart that it>a$ never been covered by the 
virgin forest, having always been diy” 

Th«! explaitattori here suggested will be referred ic later. 

CllAt-^CTEH OK THE Fl^TEO ANli PlTTEO RoCKS, 

The Ruling of crystalline rocks is not confined to any one panic- 
iilar kind of rock, as was at first supposed, except tVtal they are all 
u’fcassive and homogeneous. Those about Quixada in Ceara vary 
somewhat, but tliey are mostly massive coarse grained, gneissoid 
granodiorites, and the weathered surfaces, though rounded in out¬ 
line, are very rough, owing to the feldspar crystals standing out over 
them in high relief. 

The rocks are often more or less jointed, and the joints neces¬ 
sarily interfere with the regularity and extent of the fluting, though 
they do not prevent it Possibly abundant jointing may so interfere 
w'ilh fluting as to render it quite inconspicuous. 

The fluted rocks of the Itatidya group are massive homogeneous^ 
coarse grained syenites, somewhat jointed* the joint planes having 
various angles with the horizons, as may he seen m the accompany¬ 
ing illustrations. The Itatiaya syenite is not as coarse grained, 
however, as the granodiorite of Quixada. 

The Ruling mentioned by Bauer in the Seychelle Islands is said 
to be in granite. The examples seen by the writer in the state of 
Pernambuco are all in granites. 

Origin ok the Ft^tiTixo. 

It was supposed at the outset that chemical action over openly 
exposed surfaces would turn out to be an iniportant factor in the 
production of the fluted forms. Eut it does not appear that such 
action is especially important. It is evident that tlie rocks are 
cliemicallv affected fay the alteration of the feldspars, but there is no 
apparent localization of that action in the case of tlie fluting. 

Tt seems most probable that in the long exposure of these homo- 
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Tu|i uf fluU'tl liiH ktSlimfter near Qhek.hI^, Ceara. Waring^ 
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\k The Allied and pitti.'d granodiorite hill at Quixadi, Ctarx Afiitude 
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Plate VII 



Ruled iKwlders nf tlec.)niiiositi..i« m iIk vicinity af ihc peak of luiiavj,. 
■IS- t- sliows ft IlnU’tl thal lifts Ih'lh cPveriliro\^n m tlifti tbe fltitiiig is nq 
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Plate VI11 
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San Bfuno ^lounuini, south of San I: ran* 
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gcncous rocks, the water running down the sbpcs sweeps along 
mechanically the loosened fragments of the minerals just as It would 
remove anything else* Channels are necessarily deepened most 
rapidly where most water flows, and in the process of rock removal, 
as a whole, the bottoms of these channels always keep in advance of 
the divides between them. That is, it is a narrow localiaation of 
mechanical action by water. 

It is especially noticeable that the fluting is a slow process, and 
this slowness is explained by the fact that each furrow is made by 
the little w’ater that falls within its own narrow drainage basin. 

One may occasionally see in soft sandy clays furrows very 
similar in form to the fluting; of granites. There are some rather 
striking examples in the San Bruno mountains just south of the 
city of San Francisco in California. One of the accompanving 
plates (Plate YIII.) shows two photographs of these particular 
gullies. These photographs of gullies were made in January , 1912. 

Tile materials of these furrowed banks are sandy clays contain¬ 
ing angular and subangular pebbles and rock fragmenls—apparmtly 
soil and other products of the breaking down of the shales and sand¬ 
stones of the San Bruno mountains. These materials also remind 
one of the stone-rapped earth-columns of the Tyrol, though in the 
present rase the stone caps arc wanting. 

Such earth-columns are supposed to be the work of the mechan¬ 
ical impact of rainwater. But most of the San Bruno furrows have 
the appearance of being made, not necessarily by the impact of rain¬ 
drops, but by the running down of the water that falls on and over 
the furrowed surface. 

Water flowing down from the slopes above cuts the deeper gullies 
in the face of the bank, but the minor trenches are supplied only bv 
water that falls on tlie immediate surface. 

The even spacing of these furrows is one of their striking fea¬ 
tures. This is due I presume to the fact that, owing to the rather 
even surface and the evenness of the water supply, there is usually 
nothing to enable a channel to gain on its neighbors. 
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The OmuiN of the C.^ldroks. 

The suggestion of Hartt quoted on a preceding page in regard to 
the glacial origin of caldrons or pot-holes in the interior of Bahia 
must he set aside as quite out of the question, eitiier for the ones in 
Ceara or for those in Eahia.^ There is absolutely no evidence of 
Pleistocene glaciation in Brazil.* The pot-holes mentioned bv Hartt 
and Allen in the interior of Bahia, in even,- case with which I am 
acquainted, have been cleaned out by ntan for the purpose of using 
them for water storage in times of drouth. They have but little in 
common with the caldrons referred to in this paper. 

The Quixada pits are in process of development, and thev are 
evidently therefore to be explained by agencies now in operation 
Aside trom the openly exposed bare surface of a coarsely crvstalline 
lomog^eous rock, the factors that enter into the problem appear 
to be: The slope of the surface, the localization of incipient depres¬ 
sions. disirrtegration and chemical alteration of the r«k formine 
minerals by the action of rainwater aided by organic and other 
acds, the ™centratiDn of rainfall, and the mechanical floating awav 
of the disintegrated and finely divided niireraU, 

It seems probable that the original location of the incipient cal- 
drons IS purely accidentah Once begun, however, the standing i^^ter 
a tacks the const,tuetit minerals of the ™ck in the bottom of the pit 
It IS quite noticeable that in the great majority of the caldrons, per¬ 
haps in all of them, the walls are somewhat overhanging. Tliis over- 
han^ng is due to the fact that once a pit is started, the water stand¬ 
ing m It tends to moisten and affect a widening surface. 

As soon as a depression is deep enough to retain some of the 
rainwater, plan^ begm to grow in it. and insects are drowned in it 
and as these things decompose the organic acids thus produced en¬ 
able the water to attack the minerals more readily 

be finerT"'?'‘T f region-causes the pits ,o 

^ fill d with water for only a part of the time. The rest of the time 

the pits are dry or they are only moist on the bottom 

It has been suggested that deflation may be an agency in the for- 

The Supposed Glaciaiion of BradI,” U„r. Ceol., 1.. ^ 
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niation of these caldrons. In my opinion deflation may be important 
in the early stages of excavation, when the depth does not prevent 
the wind from blowing away small loose fragments of the minerals, 
but when a pit is a meter or more in depth and a meter in width it 
seems highly improbable that the wind is a factor of any importance 
in the direct removal of materiab, though it may be indirectly 
important enough in the bringing of plant seeds or spores. 

The things that seem to me competent to account for the re¬ 
moval of the disintegrated minerals are suggested bv the dark lines 
that run down the rocks from the notches in the lips of all of the 
caldrons. These dark streaks are made by overflowing water. 

UTien water stands for some time in the pits it becomes covered 
by low forms of plant life, apparently freshwater atgie for the most 
part. WTitn m time the water dries up this material is left spread 
over the bottom where it packs together, a sticky fibrous mass clings 
mg to and closely enwrapping whatever lies in the bottom of the pit. 
In time the rains come again and the pit is filled to overflowing, tlie 
niatted masses of alg® are floated to the top and carried over the 
edge of the caldron, taking with tliem some of the mineral fragments 
from the bottom of the pit. The rapid growth of vegetation in such 
waters is greatly facilitated by the hot climate, while the hot dry 
air and the high winds quickly dry up the waters when once the 
pits are filled by the rains. The peculiar concentration of the rain¬ 
fall at Quixada likewise hastens this natural process of excavation. 

Still more important in most instances is the stirring of the mate- 
rials m the bottoms of the caldrons by the inflou’ing water, Tlie mud 
m the tettom being thus stirred by the water pouring in, a great deal 
of the finer material is carried out when the pit is fnll and overflows 
Its lower Iip. It must not be supposed, however, that the water flow¬ 
ing into the caldrons is of sufficient volume to whirl the coarse mate¬ 
rials and thus grind out the rock. This is far from being the case 
found no evidence of any such mechanical wear on the insides of 
the pits. They are all uni family rmgh within. 

^VhelJ the pits are shallow, however, and arc so far down the 
s oiics that the water enters them with a rush it is readilv imagined 
that all or most of the finer materials must be swept over the rim 
Some of the forms suggest that old and deep caldrons have from 
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time to timt been obliterated by the breaking down of their lower 
lips. 

Fortunately we have the records of the rainfall taken at Quixadd 
from 1891 to ) 90 i 5 .'’ These records show that during those fifteen 
years the total precipitation was lO.yi i millimeters. Distributed by 
months, the greatest rainfall n-as in February, March, April, and 
May when it reached an average of I34 millinieters a month; the 
nunimiim fell in August, September, October, and November with an 
average of 17 millimeters per month. 


TheJie figures taken alone, however, do not give a clear idea of 
the climatic conditions in the semi-arid region about Quixadd. An 
important fact that bears directly upon the question of the origin of 
these caldrons is that the rains are frequently torrential while they 
last, even during the dry season, and that they are often followed by 
periods of drouth during which the hot dry atmosphere quickly 
takes up the water filling the caldrons. For example, tlie table of 
rainfall shows tliat in October, 1894. there was a precipitation at 
Quixada of 96 millimeters in a single day, and that too in the dry- 
season. In December of the same year 95 millimeters fell in two 
days; in July. 1904, the rainfall was 147 millimeters in two days. In 
the last case this heavy rain was followed by nearly five months of 
complete drouth. But even in the absence of long drouths, the rapid 
evaporation and high winds and high temperatures would empty one 
of these caldrons in a short time. The temperature at Quixada* in 
1897 ranged from an absolute maximum of 36.2' C, to an absolute 
minimum of 23.1'’ C. 

Statistics dating back to lyj 1 bear out the generally accepted fact 
that the interior of Ceara is a region of frequent drouths. In the 
189 years from 1711 down to and including the vear 1900 it is 
claiineij that there have been thirty-one years of dre'uth.* But even 
the years of drouth may have had rain enough to overflow the cal- 
■“ ■' ° 
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drotis several times without there being enough to answer the pur¬ 
poses of the planters and cattle growers. 

It may be worth noting also that in dr>- seasons, and as long as 

the water lasts, birds and other animals flock to these caldrons to 
drink. 

The total result of die aitemation of ram and drouth must be a 
frequent filling and emptying of the pits, a frequent stirring up of 
the fine materials in the bottoms of Uie pits, and its removal tn 
mechanieal suspension bv tlie waiter overflowing the lips of the 
caldrons. 

These facts also suggest why the caldrons are most abundant 
about the lower slopes rather than on the crests of the hills j there is 
a larger run-off. and consequently a more frequent and a more 
vigorous disturbance of the u-ater in the pits. 

The horizontal pits occasionally seen in vertical rock walls are 
esudcntly not made in Uie same way as the verPcal pits formed 
in flat or sloping surfaces. The latter seem to be due to the 
alternate absorption and evaporation of water much as fret-work 
IS formed over the surfaces of porous sandstones by the prying 
off of sandgrains. Some remarkable eases of this kind are know n in 
the interior of the state of Hahia in Brazil. Instances of tins sort are 

now' being studied and no further mention of them need be made at 
present. 


COXCLU5IOXS 

The fluting and pitting of coarse grainetl crystalline rocks appears 
to ^ confined to tropical countries, and to massive, homogeneou'. 
rocks openly exposed. * 

The grooves that make up tlie fluted surfaces nin down the rock 
aces by the shortest possible courses, and are made bv the small 
amount of w^ter that falls upon and flows down the fluted surfaces 

across fluted surfaces whose waters are gathered over a wide area. 
Fluting seems to he confined to steep slopes. The angle of such 

^ observed it uauallv was 

forty-nvfi degrees or more. 

The process of fluting is partly chemical and partly mechanical 
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and physical As a whole the process is necessarily a slow one* The 
localization of the run-off leads to an approximately even spacing of 
the small streams and consequently to the even spacing of ihc duting 
where it appears over a broad surface. Somewhat similar erosion 
forms are to be seen occasionally in homogeneous sandy claySp though 
owing to the character of the materials the latter are cut rapidly^ 

Thougli fluting seems to be confined to tropical count rieSp it is 
worth noting that the temperature on the Serra do Italiaya in Brazil, 
where fluting is very marked, often falls beloiv freezing. Evidently 
some freezing does not interfere with fluting. 

Caldron-like pits are associated with flutingp and occur chiefly on 
slopes not so steep as the fiuted ones. They are most abundant on 
the lower parts of the bare rock surfaces. They are formed by 
water dissolving and disintegrating the minerals, and by the inflow ing 
waters mecliantcally stirring and floating the finer particles over the 
rims of the basins. The chemical action of the water in the pits is 
hastened by the decay of plants and other organisms that live and 
die in the water left standing in the pits by the rain. 

Exfoliation is not a prominent feature of the fluted and pitted 
masses. Indeed exfoliation hardly occurs at all in such places. Dis¬ 
integration goes on rapidlyj but it attacks the entire surface pretty 
evenly. The feldspars seem to resist weathering better than the ac¬ 
companying minerals, at least tlie feldspars are left standing out in 
high relief over tJiese surfaces. In time the mere healing and cooling 
of the feldspars breaks them up, and they are washed off by the 
torrenrial tropical rains as angular fragments or they are blown 
off by the winds. 

The absence of talus about the bases of these fluted and pitted 
hills is very striking. Indeed there are quite as many boulders on 
the summits and sides of the hills as there are aboisl their bases. 
This seems to be due to the even attack of disintegration over all 
surfaces, and to the fact that there is no freezing and thawing to chip 
off the upper surfaces of hills and rocks and to pile up the fragments 
at the bases of the slopes, 
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ON THE PROSPECT OF OBTAINING R.ADIAL VELOCI¬ 
TIES BV MEANS OF THE OBJECTIVE PRISM, 


Ov FRANK SCHLESINGER, M.A., Ph,D. 

(fiirad lo, 

Among the many problems that confront the workers in stellar 
spectroscopy at the present time, three stand out by reason of their 
importance. First, the classification of stars by means of their spec¬ 
tra. Second, the determination of absolute radial velocities for the 
purpose of detennining the sun’s way, and tlie relation between 
stellar spectra and stellar motions; and of throwing light upon vari¬ 
ous hypotheses regarding star-streaming. Third, the determination 
of the orbits of spectroscopic binaries. 

In the second and the third of these problems the need of extend¬ 
ing otir detcmiinations of radial velocities to faint stars has become 
very pressing. At the present day a comparatively large number of 
observatories arc equipped with apparatus that, without involving 
unduly long exposures, will yield radial velocities for stars dow'n to 
the fifth magnitude; but what is greatly desired is an extension 
to stars at least as faint as the eiglith magnitude. It is futile to 
hope to attain such an extension by erecting more powerful tele¬ 
scopes and by attaching to them slit spectrographs of even the most 
approved design. Experience has amply shown that in work of this 
kind the gain that comes with increasing the size of the telescope is 
only very slight. The principal reason for this is the loss of light 
at the slit, which under favorable circumstances in the case of tele¬ 
scopes of the largest size must frequctilly be as much as ninety per 
cent.; and under certain atmospheric and instrumental conditions 
this percentage of loss may be considerably increased. With smaller 
telescopes the loss of light at the slit is not so serious, and for this 
reason, as w'ell as for others, it is a fact (to cite somewhat extreme 
cases) that the spectrographs attached to certain telescopes having 
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aperU'CS f rom iwelvc to ftftcen inches have proven nearly as efficient 
for the determination of radial velciciiics as tliose attached to tele¬ 
scopes of two or three times their aperture. 

If, therefore, we are to seek any considerable extension of these 
observations to fainter stars, we are forced to turn to the obieclive 
prism, the great advantage of this form of spectroscope being its 
economy of light. Few slit spectrographs now in use utilise more 
than one per cent, of the light that falls upon the obieciive of the 
telescope to which they are attached- With the objective prism, 
as much as twenty-five per cent, may easily be realized with a proper 
choice of materials in the objective and in the prism, and providing 
also that the thickness of the prism is not too great. Furthermore, 
with the slit spectrograph we secure the spectrum of only one star 
at a time, whereas with the objective prism all the stars in a consid¬ 
erable area of the sky impress their spectra upon the same plate. 
On the other hand, the difficulty of securing points of reference from 
which the shifts in the lines may be measured has thus far proved 
an insunnountablc obstacle in the way of obtaining even fairly accu¬ 
rate velocities by this means. 

Spectra produced by diffraction gratings are nearly normal; that 
is. the distance between any two lines is approximately proportionate 
to their difference in wave-length. In such spectra the shift due to 
velocity is greater for lines of greater wave-length. Consq<|Uenlty, 
the spectrum is lengthened if the star is receding from us and is 
shortened if tlic star is approaching. On the other hand, spectra 
produced by prisms are far from being normal, lines in the region of 
greater wave-length being crowded together, while those at the violet 
end arc more widely separated. In this case, shifts due to velocity 
become reversed in their relative amounts, being now greater for 
lines of shorter wave-lengths. Prismatic spectra arc accordingly 
shortened for receding stars and lengthened for those lliat are ap¬ 
proaching ns. We sec. then, that the lengths of both prismatic and 
diffraction spectra are changed by radial velocity, and accordingly 
the latter can, theoretically at least, be found by measuring the dis¬ 
tance between two lines widely separated in the spectrum. 

The possibility of determining velocities in this way seems first 
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lo have occurred to Pickering, who suggests and dismisses it in a 
single sentence, on page xxi, Volume 36, Annals of the Han'ard 
Colieye ObstrL’atory. A few years later the same method was inde¬ 
pendently pri^sed in a somewhat different form by Orbinsky^ and 
also by Frost.* None of these suggestions seems to have been taken 
up by astronomers, and so far a.s I know there is no record of any 
actual experiment dealing with the length of spectrum from the point 
of view of radial velocity. 

W’hatevcr may have been the promise held out by these proposals 
when they appeared twenty years ago, I should like to point out that 
their chance for leading to valuable results may be greatly increased 
by the pse of modern photographic plates. Recently several investi¬ 
gators have shown us how to prepare plates that are sensitive through¬ 
out a far greater range in wave-lengths than was hitherto the case. 
Formerly, only the region to the violet side of the F line (A 4,860) 
could he photographed without necessitating ver>- long exposures; 
but now we have at our disposal comparatively rapid plates that will 
yield spectrograms of nearly uniform density from the K line at 
A 3.933 ‘o H’c D lines at A 5,895, or even to the C line at A 6.563. 
VVith former spectra the shift in the lines in the violet region could 
be ascertained by referring them at best only lo lines in the neigh¬ 
borhood of A 4,8qo, which themselves share the same shift to a con¬ 
siderable extent. But the yellow and red portions are so closelv 
crowded in prismatic spectra, that lines in this region would show 
very little shift due to velocity, and hence would form excellent 
points of reference for lines in the blue and violet. 

To carry' out this plan, an ordinary objective, whether corrected 
for photographic or for visual rays, would not answ'er, since it is 
necessary to have in focus at the same time lines in both regions. 
Cooke in England has successfully put upon the market an objective,* 
made up of three diflfercut kinds of glass, which brings into good 
focus the entire range of Sjiectrum from A 3,800 to A 6,000. An 
objective of adequate aperture of this type would serve the present 

■vij/rciHij-WLftr/jf AYa^hrichicn, iiS, % 185^5. 
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purpose fairiv well h would be still better to design an objective 
with this sp«iftc application in view and to bring into focus the two 
regions say from a 3,9™ to A 4 . 5 ™ and trqm A 5 - 9 ™ to A 6.G00. 
without paying mucb attention to the inlennediate region, Irom ^ 

A 4,5™ to A 5.9™- . . , * " 

It would be quite possible to use a reflecting telescope for, this 

purpose. But as compared with a refracting telescope the reflector 
seems to be less promising for two reasons: first, because of the 
change in the focal length with change of temperature; and. second, 
because of the harmful effect of any change in the inclination 01 
the mirror. Thus, if one edge of a mirror whose aperture is one 
tenth Its focal length should be tilted with respect to the other edge 
by only one micron, the lines in the spectrum would be shifted by 
twenty times this amount, a quantity that is of the same order as the 
shift doe to velocity. In refracting telescopes the effect of a slight 
lilt in the objective is of no consequence whatever. 

With the objective prism it is difficult to make long exposures 
that will show sharp spectra. This is chiefly because the refractive 
index of glass varies rapidly with the temperature and the amount 
by Avhich the rays of light arc deviated is thus continually changing 
if the prism is in the open air. Observers with slit spectre^raphs 
have long been aware of the necessity of guarding their prisms 
against changes of temperatUTe, and have learned to surround them 
with eases within which the temperature is artificially kept from 
fluctuating- As 1 pointed out a few years ago.* there is no reason 
why a similar device should not he used in connection with objective 
prisms. In this case, the light from the star should first be admitted 
through a tvindow of optically plane parallel glass, whose aperture 
is the same as that of the prism and the objective. This window 
should form part of a temperature case enclosing the whole camera, 
including the prism, the objective and the plate-holder. The case 
can then be maintained at constant temperature in the usual wav. 

Even with these precautions it would be well, in the experimental 
stages at least, to calibrate the prism frequently by means of stars 
whose velocities are known from observations with slit spcctro- 
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graphs. More tha^n a Lhoiisaiid such stars are available at the present 
lime and in a few years this number will be at least doubled; so that 
there should never be any great difikulty' in finding a suitable test 
object close at hand. The process of observing would then perhaps 
consist of an exposure on a slar whose velocity ive wish to determinej 
inimediately followed in each case by an exposure (made on the 
same plate close to the first) on a neighboring star whose velocity is 
already known. The difference of the lengths of these two spectra 
i$ then lo be measured, converted into units of kilomeiers per second 
and applied .to the known veloeity+ 

A quarter of a century ago the suggestion was made by Picker¬ 
ing, in connection with his experimental work for the Draper Memo¬ 
rial that radial velocities could be determined from objective prism 
spectra if some absorptive medium could be found that would pro¬ 
duce one or more narrow and sharp absorption bands. If such a 
substance were interposed at any point in the spectrograph, or in^- 
deed anywhere betsveen the star and the plate, the resulting spectra 
would also show these bands in positions not affected by the velocity 
of the star, and would thus offer a beautifully simple method for 
determining velocities, Pickering made a search for a substance 
with this very desirable quality, but at that time did not succeed in 
finding a satisfactory one. Recentt)\ however, he suggested Uiis 
subject to Professor H. W. Wood, who after experimenting with 
various compounds has proposed neodymtum chloride for this pur¬ 
pose. This substance introduces into the photographic region of the 
spectrum a number of absorption bands. One of these, at A 4,27:2, 
is sharp and fairly narrow, having a width of about three angstroms, 
a quantity that corresponds lo a velocity of about 20o kilometers 
a second. This substance seems, therefore, to offer a method for 
measuring the velocities of certain stars with a moderate degree of 
precision. Just how accurately this can be done, we must w'ait for 
actual experiments to tell us ; and such experiments are under way 
ill at least two observatories. There can be little doubt that an 
accuracy represented by a probable error of not more than ten 
kilometers can be attained in this way. This Pickering-Wood method 
is hardly applicable to any but stars of the A and B types. In stars 
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of the F h'pe and beyond, the neod>Tniuiii line or band at A 4r^J2 
becomes involved with lines that are proper to the star itselfp and 
accurate settings upon it become impossible. 

A number of other suggestions have been made for utilizing the 
objective prism for determining velocities but 1 shall stop to con¬ 
sider only one of these. Like the two proposals that we have already 
described^ this method owes its origin to Pickering,* who seems to 
have studied this problem to good purpose long in advance of any 
other astronomer. Let us suppose that we have secured by means 
of the objective prism a photograph showing the speclra of a number 
of stars in the same region, and that the prism has been so oriented 
that the violet end of each spectrum is toward the north. Suppose 
further that we have measured accurately the position of the K line 
ill each spectrum. From these measurements w e might compute the 
relative declinations of the stars, but these declinations would be in 
error by a slight amount on account of the unknowm radial velocities 
of the $tars. Thus a star that is approaching us ivould have its K 
line shifted toward the violet end^ or in this Case, toward the nonh. 
and the computed declination would be too great. Let n$ then sc- 
ettre another photograph of the same region iviih the prism reversed, 
so that now^ the violet end of each spectrum is toward the south. 
The approach of a star would as before shift its hues toward the 
violet^ which is, however^ now' toward the south* We should there¬ 
fore derive a relative declination for the star that is as nuich too 
small as k w'as too great in the first instance, h is obvious, then, 
that the measurement of such a pair of plates would theoretically 
give 115 the data from which the relative velocities of all the stars 
on the plate might be inferred. Pickering further proposed that the 
prism be reversed by simply reversing the telescope on its equatorial 
mountings an<l that die coniparison of the two plates could be facili¬ 
tated by taking one of them w ith the glass side outward. The plates 
could then be put film to film and the measuremeuts w^ould l]ecomc 
differential. 

Although the theory of this method is simple enough, its practical 

‘Harvard College Observatory Circulars, No. 13^ see alsq Asir&mmlsfht 
Nairhrkhi^n, 17*^ IJ 7 « lEJO^- 
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application is a matter involving serious difficulties. A number of 
modifications have been proposed with a view to obviating one or 
another of these difficulties. Thus Stewart* suggested that, instead 
of making exposures upon two dilTerent plates, two objectives and 
two oppositely placed prisms be employed for making two simul¬ 
taneous exposures side by side upon the same plate. The plate 
tvould then have to be inclined equally to the two incident beams, 
and, under ordinary- circumstances, it would be possible to secure 
only one pair of spectra upon each plate. Another modification is 
that due to ComslockJ who prt^ed that the two halves of tlie 
objective be covered by two prisms having their refracting etiges 
turned toward each other. These prisms are to be compound and 
of the "direct-vision” variety, so as to yield for each star a pair of 
spectra in dose juxtaposition. Here, however, we eiKounter the 
difficulty of securing prisms of sufficient size, for prisms of tilts 
description would have to be very thick in order to give spectra of 
sufficient dispersion. The present writer lias suggested still another 
modification,* in which the two plates are taken simultaneously by 
means of two independent (but similar) cameras and prisms, both 
being enclosed in a constant temperature case provided with two 
suitable windows of plane parallel glass. 

The advantages of securing the two photographs at the same 
time arc two-fold f first, this obviates any necessity for considering 
refraction, a very bothersome matter w'hen large fields are in ques¬ 
tion. Second, the so-called guiding error is eliminated. Whether 
the telescope is driven entirely by clockwork, or whether the observer 
attempts to secure more perfect guiding by introducing slight cor¬ 
rections hand, the spectra will still wander a little from their 
mean positions and the place at which an observer will bisect a 
nne m the spectnini will depend! somewhat upon the nature of the 
guiding. If, iiowtvcr, the direct and the reversed spectra are se¬ 
cured simultaneously, the guiding error wilt be the same for both 
and wilt have no effect upon the derived velocity. 

In this method of determining velocities there remains a difficulty 

' Aslrifphyjieai Journal^ 33 , n)o6. 

* A^iroph^sicai Journal, 33, 
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more serious than any that wc liave mentioned. This is the distor¬ 
tion of the field due to the presence of the prism. Let us suppose 
that there were in the sky a row of stars in the same right ascension 
and equally spaced in declination. Let us photograph the spectra 
of these stars with the help of an objective prism whose refracting 
edge is parallel to the equator. Then, quite apart from the effect 
of radial velocity, the spectra would by no means be equally spaced 
upon the plate, the intervals on one side of the center being all too 
small, and those on the other side all too great. When the prism 
is reversed, those spaces that were too large are now too small and 
vicf versa; so that the distance between the two spectra o£ the same 
star depends upon its declination, I have computed this double dis¬ 
tortion for a spectrograph whose dimensions are such as one would 
choose for this work, and have found it to amount to two millime¬ 
ters at a point only tivo degrees of arc from the center. This quan¬ 
tity is about one thousand times as great as the accuracy that an 
observer would hope to attain in his measurements, so that it is 
readily seen how intimately he would have to become acquainted 
with his prism in order that he might apply this very large correc¬ 
tion within the limit of accuracy that the case demands. Further¬ 
more, there is an additional distortion of nearly the same size in the 
other direction. That is, if we could photograph a row of stars on 
the equator, their spectra on the plate would not appear in a straight 
line, but would lie in a curve that is approximately a parabola with 
its convex side toward the refracting edge of the prism.* If, there¬ 
fore, the prism is reversed the curv'aturc of this line is also reversed, 
and when the two plates are compared we again have a double dis¬ 
tortion, depending now (in the position of the prism that we have 
imagined) upon the star’s right ascension, it is worthy of remark 
that these distortions are smaller in the design proposed by Com¬ 
stock than in any of the Others. Furthemiore, if we confine our 
attention to a single pair of spectra in the axis, as in Stewart’s sug¬ 
gestion, t hese distortions do not enter at all. 

We see, then, that the obstacles in the way of the practical appli- 

*]t is this same distortion that causes the curvature of the lines upon a 
slit speetrofjraiM, the formula for whidi t$ given by Ditsclietner in the 
Sileungiberifiit* der Math. Klasft drr h. Akadtmie rn It'ciii, 51, part 2, 
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cation of this meth&d are undoubtedly serioius; nevertheless, they do 
not appear to be of the character that pauence and perseverance on 
the part of a skillful observer will not overcome. 

If the objective prism is ultunately to be used for determining 
velocities^ it would be a great advantage to be able to utilize the full 
apertures of modern telescopes without necessitating objective prisms 
of corresponding size. In the case of reflecting telescopes, this might 
be done by replacing the flat secondary (of the Newtonian form) 
or the hyperboloid (of the Cassegrainian form) by a convex para¬ 
boloid, with its axis and focus coincident with the axis and focus 
of the primary marron The beam of light reflected from such a 
secondary would be a parallel one^ contracted to perhaps one fourth 
or one fifth the diameter of the original beam. This reduced beam 
could then be made to pass through an objective prism of moderate 
size. Similarly^ in the case of refracting telescopes^ a diverging lens 
might be placed in the position that the correcting lens usually occu¬ 
pies when the telescope is to be used with a slit speclrographA'* This 
diverging lens can be so designed as to make the emerging beam of 
light parallel in any portion of the spectrum desired. For practical 
reasons it would not be advisable to contract the original beam tOt> 
much; or in other words, to put the converging lens too near the 
focus of the visual or the photographic objective. In the case of 
reflectors, too, though for not quite the same reason, the paraboloid 
should not have too small an aperture and should not be placed too 
near the primary fcxrus. 

In conclusion, it seems to me that the prospect of obtaining radial 
velocities by means of the objectiv^e prism h good enough to warrant 
a trial of all three of the metliods that have been reviewed above. 
If I were asked which of the methods seemed to me the most prom¬ 
ising, J should say that the one wdiich makes use of neodymium dilo- 
ride would probably lead to immediate results, if we are to remain 
satisfied wdlh a moderate degree of precision; but that the method 
which is concerned with the length of the spectrum might nltlmately 
be developed to give considerably more accurate results. 

Au-zcKrxv Observatory, 

ALLEcifEKv^ Penns laVAKiA. 
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THE HISTORICAL VALL^ OF THE PATRIARCHAL 
NARRATIVES. 


By GEORGE A BARTON, 
i,Rtad jiprit tj, 

Since ihe ’birth of the sciences in the nineteenth century, knowl¬ 
edge has been revolutionized and enlarged in cveri' department. 
The effect of the creation of the historical and social sciences is as 
marked in this respect as that of the natural sciences. The account 
which the records and traditions of a country give of its historj' is 
found to begin with mythical stories, which gradually give place to 
legends and later emerge into sober history attested by documents, 
which, if not contemporary, date from a time so near to the events, 
that their testimony, when tested by general considerations, may be 
accepted. The scientific method applied to ordinary history is gen¬ 
erally accepted quietly by the public, which Is usually grateful for 
the clearer vision of past events which it affords. 

It has been inevitable, that in the general progress of knowledge 
the scientific method should be applied to all existing records, sacred 
as well as to so-called profane. A part of tlie movement of modem 
knowledge consists, accordingly, of the application of the scientific 
method, generally known as the higher criticism, to the records In the 
Bible. The application of this method has resulted in the division 
of scholars into three camps: (l) there are the sincere, conscien¬ 
tious, open-minded, reverent scholars, who believe in the scientific 
method, who see that the Biblical records cannot be rightly exempted 
from scientific treatment, and who go about the work with reverence 
and sanity'1 (2) there are the reactionarie,s, who are unable to be¬ 
lieve that any Biblical narrative can ever have had any other signifi¬ 
cance than that which they have always attached to it, and who 
spend their efforts endeavoring to prove, often by the flimsiest argu¬ 
ments from supposed archaeology, that every Biblical narrative must 
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be taken by the historian at its face value; (3) there is the m)"tho- 
logical, or pseudo-scicntifie schcx>l. which has become eiiaitiored of 
the scientific method from afar* but has never undergone the training 
in judgment necessary to llie application of scientific principles. The 
members of this school fall into two groups- There are those who* 
like Wiiickler, dissolve Solomon and everything before bim into 
forms of Babylonian myths^ while others, like Jensen and Zimmemp 
resolve most of the Biblical chaTaetcrii into nmhs. Under Jensen's 
touch every important character of the Old Testament and Apoc¬ 
rypha, as well as Jesus and Paul, become simply forms of the myths 
of die Gilgamesh epic. In view of the division of scholarship into 
these three camps, it is clear that a scientific student of history must 
take his stand with the first group. He cannot refuse to use the 
scientific method upon sources simply because they are sacred, nor 
can he exercise the liberty of dissolving into myth events attested 
bv documents that are nearly contemporary with the events described. 

The historical student of the sacred records finds* perhaps* his 
most difficult task the proper appraisement of the patriarchal narra¬ 
tives. Scientific criticism has shown that the records of these nar¬ 
ratives have been drawn verbatim from three documents, the earliest 
of which dates from the ninth century B.C. and the latest from the 
middle of the fifth pre-Christian century. The demonstration of 
this is so convincing that it has won the consent of nearty all the 
scientific experts. There is probably no hypothesis concerning any 
modern science vvhith commands so nearly the assent of all who can 
rightly be called experts in the subject as the so-called Graf-Well- 
bausen hypothesis of the origin of the Peniatcuch. Tfcie public as 
sometimes deceived by the cries of those whose hopes are greater 
than their knowledge ; but w'ere the Graf-Wellhausen hypothesis a 
person, it might adopt the words wdiicli Mark Tw'ain is said once to 
have cabled from Europe to a friend: “Tlie report of my death is 
greatly exaggerated/' The historical student of the patriarchal nar¬ 
ratives must, then, take the Graf-WcUhaiiseii hypothesis as his 
starting point. But let him follow the sound historical maxim and 
prefer the testimony of the earliest docunrient, he is still in per¬ 
plexity, for the oldest document, the so-called J document, is at least 
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three hiintlrcd vears later than Moses. It is as far renioved from 

Moses as the translators of the Authorized Version are from us, and 
further removed from Abraham dian we are from Columbus and 
[Martin Luther. 

The historian may obtain a due to guide him in his perplexity 
from a study of GenesiSp du 10. For example, Gen. 10: 6 states 
that the sons of Ham were Cush, Mizraim, Put and Canaan. Cush 
here Is the Egyptian Ke^Kov Nubia. Mizraim Is simply the Hebrew 
word for Eg} pt. Put Is the Punt which figures so largely In Egypt¬ 
ian histor>'—the country to the far south whence so many expedi¬ 
tions w^erc sent and from whidi myrrh, ivory and pigmies were 
brought Canaan is the well-known tribe or group of tribes from 
ivhich the Phcenidans w^erc developed, which also inhabited Falcstine 
and gave It one of the names by ivhich it is still called. It is dear 
that these names represent, not individuals, but personified tribes 
or nations. Take Egypt, for example. We now know^ the outlines 
of its history back to about 5000 B.C. At that time it consisted of 
forty-two distinct tribes, wlto lived so long in separation from one 
another that their animal totems persisted as the representatives of 
the gods of the different nomes down to the Roman period. Per¬ 
haps as early as 4000 B.C. these nomes^ often at w^ar with one 
another, had been united into the two kingdoms of upper and lower 
Egypt, but these were not united into a single monarchy until the 
time of Mena, about 3400 B.C. It is simply impossible that these 
forly-two tribes were descended from one man. Tlieir gods, ais- 
toms, sacred animals, and wathke emblems were all different. The 
further back we push our knowledge of Egypt, the more its con¬ 
stituent parts ramify into a congeries of unrelated atoms. It is only 
from the point of view' of later times that it can be spoken of as one 
entity. The Biblital writer has accordingly personified a nation. 
What can be proved for Egypt can also be proved in lesser degree 
for Nubia. 

If now^ other parts of the chapter be explored the names of many 
nations and countries appear. Gomer (v, 2) ig the CtitniV of the 
Assyrians, the Cimmerians of the Creeks; Madal is the Medcs; 
Tubal and Meshech, the tribes Tahah and Mushkl of the Assyrian 
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mscriptions. Javan is the u»i' of Imyts, the lonians. EUsha (v. 4) 
is the Alashia of ihc EI-Amarna letters, or the Island of Cyprus; 
Kfitim, the Kiti or Kifigti, on that island, Tarshista is Tartessos, 
tile PhtEnician mining and trading camp in Spain, Similarly in v. 
22 Elam, Asshtir and Aram arc clearly the names of well known 
countries. In v, 26 most of the persons nicntioned are known to be 
tribes or towns in south .Arabia. In v. 15 it is stated that Canaan 
begat Zidon. Zulon is the city. Its name means " fishing." ITie 
name was not derived from a man, but from an industry. 

We derive from this chapter, then, partly composed of J material 
(ninth century') and P material (fifth century) the general prin¬ 
ciple that patriarchal names are probably not personal names, but 
are personified tribes, nations, or places. This is in accord writh 
modern Arabian custom. The Arabs mak-e alliances with other 
tribes under the fiction of kinship, and then to justify the supposed 
kinship trace their descent from a common ancestor,^ In combining 
the personifications of two documentary sources in Genesis 10 con¬ 
fusion has, in at least one case, resulted. To the J writer (v, 8) 
ttie Cush who begat Nimrod was the Kash of the Babylonian in- 
scription.s, 1, c,, the Kassites or Cossaeans, who, entering Babylonia 
from the East, conquered tt about J750 B.C, and established a dynasty 
that nilecl for 576 years. To the P writer of v. 6 Cush was Nubia, 
as already pointed out. The combination of these narratives by a 
later editor has made the two Gushes appear to be the same, so that 
some interpreters, not recognizing the difference, feel compelled to 
claim that the Assyrians are descended from a Hatnitic race.* 

\Vc are, then, on safe historical ground, if we assume that at 
least a part of the patriarchal narratives consists of tribal history 
narrated as the experience.^ of individual men. To assume that all 
patriarchal story is tribal history, would be to create for ourselves 
new difficuUics. When once a man, or a supposed man. has caught 
the popular imagination, tradition frequently attaches to his name 

*Cf. Sprenger, “Gcogtaphte Arabians” and "LeciurES and Essays of 
W. Robertson Smith," .|6i. The position $ct forth in the text it not new. 
Many scholars have taken it 

■ ' See Kyle, **The Deciding Voice of the Momnncnti in Biblical Cnticiim." 

tefi. 
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stories, ^hkh were originally told of otliers. This could, If it ^vere 
necessary- be illustrated by many examples, but it is unnecessary to 
occupy space to prove that which is familiar to every investigator 

of bistorv or legend. 

In applying the prineiple of interpretation drawn from Oencsis. 
ch. lo, it is convenient to begin with the narratives connected w.di 
the twelve sons of Jacob, These correspond to the twelve tribes of 
Israel, and are probably simply personifications of those tribes. 
These sons are divided by the narratives into four groups, which are 
said to be respectively tlie offspring of four mothers. It is natural 
to suppose that, if these narratives represent tribal history, that 
there was an alliance between the tribes which composed each group 
before the groups themselves were formed into a union. Two of 
the groups arc said to be the offspring of full wives of Jacob. These 
probably joined in an alliance with each other earlier than tire two 
groups which are said to be descended from Jacob's concubines. 
In Jacob’s marriages, then, and the stories of the birth of his ciiil- 
drcii we probably have an outline of the history of the formation oi 
the confederacy of tlie twelve Israelltish tribes. The nucleus of 
this confederacy was the tribes which counted their descent from 
Leah, viz: Reuben, Simeon, Levi, Judah, Issacliar, Zcbulon. These 
were the original tribes of Israel. Later were bom the sons of 
Rachel; t. e^, die Raclicl tribes came into the confederacy after the 
other six existed as a definite group. The name Leah means wild- 
cow^; the name Rachel, ewe,* It has accordingly beer suggested 
that these were simply the animal symbols of the tribes, and that the 
Leah tribes were cow boys and the Rachel tribes sheep raisers. 
Others hold that they were not economic, but totemistic. symbols. 
Whichever alternative is adopted, the inteniretation of Leah and 
Rachel which makes them the symbols of lltc intertribal alliances 
15 most probable. The application of the name Joseph to two of 
these tribes, for reasons whieh will be mentioned later, w'as prob¬ 
ably not made until after the settlement in Palestine. .A.gaiii the 
tribe of Benjamin was not differentiated from the other Rachel 
tribes until after the settlement in Canaan. Benjamin originally 
’ Ddit/seli, " Prolcgoniena," So. W. R. Smith, “ Kinship," 2tl ed-. 55^. 
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meant ‘"sons of the south*' or soulheniers/' and was given them 
because they were the southernmost of the Rachel folk. This 
southern position they occupied in PaJeslinet but could hardly have 
held as a noniadtc tribe. The tradition that Benjamin is the 3'oung~ 
est of Jacobis sons i$ a recollection of the late development of the 
tribe. 

Similarly^ the name Joseph seems to have been attached to the 
tribes of Ephraim and Manesseb after the settlement in Canaan. 
The name itself has had an interesttng history. A Babylonian busi¬ 
ness document of the Lime of the first dynasty of Babylon (2^25“ 
1926 B.C.) had for one of its witnesses or Joseph-el. 

Thothmes III, who conquered Palestine and Syria between 147S and 
1447 B.Cp records as one of tlie places tvhich he conquered in Pab 
estine V^-sha-p'-ra^^ which Eduard Met er many years ago recog¬ 
nised as Josepb-el. This equivalence ia doubted by W, ^Max Muller^ 
but iSp so far as I can see, possible. How did the name of a Baby¬ 
lonian man become attached to a Palestinian city ? There was at the 
time of the first dynasty frequent intercourse between Mesopotamia 
and Palestine. Docymentary evidence of tliis w 411 be cited below 
in connection with Abraham, Is [t too much to Imagine that a 
Joseph-el migrated, and lhat his name became attached to a Pal¬ 
estinian city? Not only have sve in our own country many places 
named for men, but modern Palestine affords an example of a vil¬ 
lage that lost during the nineteenth century its name, Kuryci 
and subsHtuted for It the name of a famous sheik, Abu If 

in some such way Joseph-el made its way into Palestine and Rachel 
tribesafterwardsettledin the regionp the shortened form of the name, 
Joseph, might naturally become the name of their supposed ancestor. 

The principle of interpretation gained from Genesis 10 compels 
us to Suppose that the name Joseph came in in some such wav, for 
in the historical period no tribe of Joseph appears. If the investt- 

^"" Cnneiferm Texts, etc., In ihe ^tuscum/' I! > 23. 15. 

*Mittlicilting der Vyrderasiatisclsc Gesellsckafi, 1907, p. Muller 
thinks it c^nnvaknt to " €od dwells/' The Babylonian might also 

be so interpreted- The phonetic c^uK^alcnce between Babjloniaii and Hebrew 
^int5 rithcr lo losepk^H, and the Babylonian form mav account for the 
Hg>'ptlan spelling. 

*Sec Bacdeker^a Patisdna/' 1910, p. 16. 
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gator is forced to this contlusicmp ho\r are the vivid narratives of 
the personal fortunes of Joseph to be accounted for ? 

The archjcological discoveries of recent vests have made k prol> 
able that the Joseph tribes alone were concerned in the Eg^litian 
residence and bondage.^ The stele of ilerneptah ® to whom all Bib¬ 
lical indications point as die Pharaoh of the Exodus, clearly shows 
that Israel, or the Leah tribes, were already in Palestine. The fact 
that the Epliraimite document, E, recalls as the Judean document J 
does not, the revelation of the name Yahweb,* and that tlie ark of 
the covenant was aftenvard preserved in an Ephraimite shrine,^® 
point in the same direction. If these tribes alone had the Ef>Ttian 
experience and were at first the sole guardians of the Egyptian tra¬ 
dition, when once they had come to regard Joseph as their ancestor 
it would be natural for many stories to cluster about his name. In 
this connection it is an interesting fact that several of the stories 
told of Joseph are almost identical with other stories and facts 
which archaeological research have brought to light, but which in 
their original setting are connected with other names. The chief 
af these arc the following; 

1, The $torv of Joscph*s temptation by Potipbar'^s wife is strik- 
inglv parallel to the tale of two brothers—a tale in which the younger 
brother is subjected by his sister-in-law to the same temptation as 
Joseph, and, when, like Joseph, he repulses her, she professes to 
have been outraged by him, and plunges him into misfortune.*^ 
This story comes to us in a papyrus dated in the reign of Sell IL^ 
1209-1205 B.C.p and is accordingly very old. 

2 r The career of Joseph as ruler of Egv'pt is paralleled by the 
career of Dudu or David, an official bearing a Semitic name, who 
seems to have held a high position under Amenophis IV^ of the 
eighteenth Egyptian dymasty, before 1350 E.C^ In the El-Amama 
correspondence two letters addressed to this Dudu by Aziru, king 
of the Amorites, occur. They tell their own tale, and are as followrs; 

^S« Paton's article* “ Israers Conq^ucst of Canaan," J&urn^I e/ Bibtkat 
Lif^ratur^, XXXU, T-54. 

* See Breasted's ^Andent Records, Egrypt" TIL, idi?. 

•Es. 3: ^^ 3 . 

** I Sam. 3 atid 4. 

Pttric^s “'Egyptian Talw/* serond series, London, 185)5, 36ff. 
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1 ,"" 

"To Dudti, noy lord, my faiher, Azini, thy son. thy scrtaiin "al 

the fcflt of my father I lalt ^Unto tny father may there be health! *0 
Diidu truly I have done ^he wish of the king, my lord, ^and whatever is the 
wish 'of the king, my lord> let him send ^aod I wlli do it. **Furtheri se«v 
thou art there* “my father, aitd whatever h the wish **of Dudu, my father^ 
send it ^and I will do it. ^Behold thou art my father "*and my lord and 1 
am thy son. The lands of the Amorites ^are thy lands, and my house i$ thy 
house* "*and w^hatever iby wish is, ^send, and 1 “shall behold and verily will 
do iL ^And see, thou in the presence of *’the king, my lord slttest. . . 
enemies “w^ords ot slander "before my father^ before ^the king, my lord, 
have spoken, *“hiit do thou not count them itir*l "^And behold thou iu the 
presence “of the king, my lord, as a dignitary (?) “sinest, . . *'and the words 
of slander "against me do not count as truCr **AIsq 1 am a servant of the 
king, my lordt ’’and from the w^ords of the king, my lord, "and from the 
words of DudUr my father*^ “I shall not depart forever* "Bin when the ting, 
my lord does not love me, "hul hates me, "then I—what shall I say? 

IL"* 

^To Dudu, my lord* my father* ^speaks Aiinir thy servant: *at the feet 
of my lord I fall. ^Khatib has cioine*and has brought the words *of the king* 
my lord, important and good, ^and 1 am very, very glad, ‘and my lands and 
my brethren, ‘the servants of the king, tny lord, ^‘and the servant^ of Dudu, 
my lord, ^'are veryv verj' glad "®whcn there comes “the breath of the king, my 
lord, “unto me. From the words "'of my lord, my god, my sun god, “and 
from the words of Dudu, ”my lord, 1 shall not deparL “My lord, truly Kba- 
tib “stands with me. ^1 and he will come* ”My lord, the king of the Hit- 
tiles "has come into Nukhashshin “"so that 1 cannot come, ^Would that the 
king of the Hittites w'ould depart I “then, truly, 1 would come, “I and KhatiL 
“May the king, my lord, my words “heart 3 ify lord^ I fear “on account of 
the face of the king, my lord, “and on account of the face of Dudu, “And 
now by my gods '“and my messengers verily 1 have swont, “O Dudu and 
nohics “of the king, my lord, that truly I will carat. "And so, Dudu "and 
the king, my lord, and the nobles, """truly we will not condeve anything 
“against Aiiru that Is unfavorable'—■even, thus may ye awear by “my gods 
and the god A'* “And truly I **and Khatib are faithful servants of the 
king, “O Dudu* ihoii sbaJt truly know “that I will come to thee. 

In these letters Azini constantly classes Dudu w ith the king. He 
fears to offend Dudu as he fears to offend the king. The words of 
Dudu he couttls as of equal importance to those of the king. Dudu 

“Winckler ^ Ahcl^ “ Thoutafclnfiind von El-A mama,” No* 40 and 
Knudtzon's “ Die FI-A mama Tafeln*"’ No. 158, 

“Winetder & Abet, No^ jS and Knudtaon, No. 164. 
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ckarly occupied a position of power with ibe king similar to that 
ascribed to Joseph in Genesis. 

3. The action of Joseph in storing up corn and then distributing 
It during a time of famine is paralleled by the course of Baba of 
El-Kab, who flourished under the eighteenth dynasty of Eg^^pt about 
1500 B.C.p ancl who says in an inscription carved in his tomb, at 
the close of a description of the activities of his life: 

I collected com as a friend of the harvest-go<L I was watchful in time 
of sowing- -4tid when a famine arose, lasting mmy year^n 1 distributed com 
10 ihe city each year of the famine.*"* 

The principal features of Joseph's life are thus paralleled in 
ancient history. The careers of Baba and Mdit are thoroughly his¬ 
torical ; our knowledge of them rests upon contemporary documents. 
While the latter part of the tale of the two brothers contains much 
that is mythical, the portion which deals witli the brother's wife is 
so natural and presents such a vivid picture of Egiptian rural life, 
that tliere can be little doubt that it is based on a real incident. 

When once a name has become prominent in a nation it tends, by 
a law of human nature, to gather to itself all the appropriate stories 
known. One heard at Harvard a generation ago stories told of 
the late Professor Andrew P. Peabody, which a generation before 
had been told in Germany of the absent-minded Professor Keander. 
Before our'eyes to-day stories are attaching themselves to Colonel 
Roosevelt ivhich originally were told of others. It is not too much 
to su|jposc that the storks known to us from the sources quoted 
attached themselves to the name of Joseph, and thus filled out to the 
later Israelites the figure of their shadowy patriarch, 'Thh suppo¬ 
sition, confirmed by historical and legendary analogies, enables us 
to find in the Joseph stories real history. It is not, it must be con¬ 
fessed, the history of a real Hebrew patriarch, but it is real history 
of Eg)’pt and Palestine and of real men in them. The history is 
recoveredp too, by following historical methods and following his¬ 
torical analogies, and relieves us from the necessity of supposing 
with Winckler that Joseph is but a scries of Tammuz myllis, or with 
Jensen, that he is a group of Gilgamesh myths. 

'^Cf. EniKsch, Egypt under the PharaohSp^' London, 1881, 1, 303 ff. 
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Out pursuit of the oTigiu df the JosepH-slorics has taken us far 
afield from the discussion of the tribal history of the patriarchs. 
Tlie accounts of the marriages of the sons of Judah and Oi an ept- 
sode in the hie of Judah himself in Genesis 38 may easily he under¬ 
stood to he alliances made by that tribe with clans previously living 
In their territory. Judah in all the subsequent history stood apart 
from the other Hebrew tribes- That she formed in David’s early 
reigu and after the time of Solomon a separate kingdom was in part 
due to the larger element of Canaanite blood in her. 

Similarly the story in Genesis 34 of Simeon and Levi^* represents 
an unsuccessful and treaciicrous attack of those tribes on the ancient 
city. In this attack they were practically annihilated and their kins¬ 
men regarded their piinishmeut as just,^* On the view that the 
patriarchal stories are adumbrations of tribal history, the traditions 
which ascribe the birth of the patriarchs Gad, .Asher, I>au and 
Xaphtali to slave mothers may indicate that these tribes joined the 
Israelitish confederacy later than the union between the two great 
groups of Leah and Rachel tribes. If this were the case, these 
tribes probably came into the confederacy after the settlement in 
Palestine* and were, presumably, Amorite or Canaanite tribes who 
were there already. In the case of the tribe of Asher tbis supposi¬ 
tion receives some confirmation from documents outside the Old 
Testament, 

The father of .Aziru. the Amorite, who WTote the letters to Dudu 
quoted above, w^as named Ebed-Ashera, Ashera being a goddess. 
Ebed-Ashera in his time was in frequent war with Gebalp whose king, 
Rib”Adda, complained to the king of Eg)'pt in many letters pre¬ 
served for us in the El-A mama correspondence- Rib-Adda some¬ 
times calls the people over whom Ebcd .Ashera ruled ,Aniorites 
CAmurru)p sometimes the *^men of Ebed-Ashcra and often the 

** The story appears in two forms; one ijs by J and the olher by a priestly 
writer. In the former Shechem appears on one aide and Simeon and Levi 
on the other; Sliechem violates Dinah and the brothers lalte terrible ven¬ 
geance upon him. In the latter Hamor* the father of SheeheEn proposes 
honorahte marriage for his son with Dinah, and ah the sons of Jacob are 
represented as aeilTig as one man, Cf. Carpenter and Harfprd-Battersliy, 
“ Hexaletjch,'* 52 If . 

^ Cen 49- S-7- 
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“ sons of Ebed-Ashera." It would be easy in course of time for 
the Ebed to drop out and the tribe to be called sons of Asher a' 
or "sons of A slier.”'^ As thb tribe in ihe period covered by the 
El-Amama correspondence (1400^1350 B.C.) was in the same rC' 
gion in which the Hebrew tribe of Asher was afterward settled, it 
seems probable that the Hebrew tribe was the same as die earlier 
Amorite tribe. This would fit in well with the conciiision to which 
the tribal interpretation of Jacob's marriage points. 

When the investigation moves back a generation in the patri¬ 
archal genealogies, the same principle holds, but new perplexities 
appear. It is clear that Esau is the personificatioti of the Edoniite 
nation, and Israel that of the nucleus of the Hebrews. Already in 
the time of Merneptah there was an Israel, which ivas a nation. 
Probably it consisted of the Leah tribes. But the Hebrew^ patriarch 
is also called Jacob, and most of the stories concerning him are told 
of him as Jacob. There is reason to believe that the name Jacob 
had an origin stmilar to the name Joseph, 

In the reign of the Babylonian king, Apil-Sin (2161-^144 B.C)p 
tiivo witnesses to a contract, Shubna-tlii and Yadakh-itu gave the 
name of their father as Vakub-iiu or Jacob-el,^*^ Another witness, 
Lamaz, had a Jacob-el as his father,*" In the reign of the next king. 
Sin-nnibailit (2143-2124 E.C.), a witness named Xur-Shamasli i,va^ 
the son of Vakub-Uii, or Jacob-el3® while another wilne.ss. Sin- 
erbiam, gave his father's name simply Yakub, or Jacoh.^^ Seven 
hundred years later lliothmes IIL records among the names of cities 
tt'hich he conquered in Palestine a city Yake-b'-ruJ^^ the Egyptian 
equivalent of Jacob-el. The probability is that some Babylonian 
who bore the name migrated to the w'esl, and in course of time 

'^ Scc, Schrader's " Kcilitisriiiiftliche Bibllothek" Nos, 53, 54 55, 

57, 5^ 60, 64 63, &4 ^ 6a 7a 7I« 73. 7S. 76, 77. 7& Sj, 84, a&, S8, f>I, 92, 

TOi. 

Cuneiform Texts, etc., iti llie British Museum;' IV., zih. 
^Meissner, “ Ahbabylonischc Pri^-atrechtt*^ 2$. 

■"Cwpdform Texts,"^ %'ni, 25 , 23. 

Cuneiform Texts,’’ II-, 8, 26. 

^ Miiieiivngtn d/r t orderajiatisdi^ GwUscfmff. 1907, p. 27^ 

The dty acems to have been east of the Jordan and perhaps, thfl 
same as Fenuel, Gen. 32: 31. 
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a city was named after him. Lalcr, when the Hebrews settled near 
this city, they took over the name of its hero in shortened form as 
a name for their eponymoiis ancestor. All the reasons quoted above 
for the name Joseph apply here. Apart from stories of nianiages 
and friction with Esau, which denote tribal relations, the one impor¬ 
tant tale connected with Jacob is his dream at Bethel. This was one 
of the stories by which the Hebrews justified to themselves their 
adoption of an old Canaanitish shrine. The stories of Isaac se^m, 
ill like manner, to be tales of alliance with Aramaeans, and tales of 
shrines like that at Beei'sheba. We have no extra Biblical material 
w'itb which to compare them. 

When the investigator lakes tip the stories of Abraham, moving 
back still a generation from the nation Israel, he is confronted with 
much material and with a wealth of conflicting theories. Of course 
to Jensen Abraham is a fonn of the Gilgamesh myth,*" To Wlnck- 
ler and Zimmem .Abraham is a moon god. The reasons for this 
tatter view have seemed convincing to many. ,AbTam, of which 
.Abraham was but a variant form, has been held to be of West 
Semitic origin and to mean '"exalted father,"'** It is really, as we 
shall seCt of Babylonian origin and has another meaning. Tradition 
connects him with Harr an and Ur, both seats of the worship of the 
moon god. In Babylonian hymns Sin, the moon god, is frequently 
called - or fatlicr.^^ Sarah or Sarai, the name of Abraham's wife, 
is the Hebrew equiv^aleiU of inrrahi, *' queen/* an epithet of the con* 
snrt of the moon god at Harran. Alilcah^ Abraham's sister-in-law 
(Gen. 11 : 2c>), is Malkatu, the name of a consort (jf the sun god and 
perhaps also of the moon god/" These are some of the arguments 
which seem to the adherents of this view' conclusive. It must he 
confessed that many of tlie stories told of Abraham in Genesis arc 
connected with shrines, and would be explicable on this view'. Their 
purpose was. undoubtedly to justify the use by Hebrews of the 
shrines of Shechem, Bethel^ Hebron, and Heersheba. This is notp 
how^cven the whole of the matter. We have now' evidence that 

Gilpamwhepos und iler Weltliteraiur/ I., zjdj flf. 

* Briggs, Brow'n and Driver^ “ Hebrew Lexicon," 4. 

*Cf. /{furttol i>f Btbticei Liitraiur*, XXVI11., p, i66^, n, 36. 

*“Schradtr^ " Keilinschriften und das Ahe Testament," jd ed„ ^64 If. 
pHuc JiMM. 50 C, , I ir M, raiNTEn juxc6, 1913. 
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Abraham was in BabjIonia a ptrsonal name- Tills evidence comes 
from Dilbad, a little place abont eight miles south of Borsippa, and 
consists of some contracts in which an Abraham figures. Three of 
the documents arc here translated: 

I." 

’i ox htoktn to tkt yotte, ^an ox of Umi-Siu son of Sin-imsuran?, ^from 
HMii-Sin 'throuKh the agency of KislitLNabmm. 'son of Etc™. 'Abarima, 
son of Awel-Isbtar. ’for i tnonlh has hired. ‘For I Tnonth ’i shekel of Silver 
"he will pay, “Of it K shdtel of silver “from the huid of ’‘Aborama ‘'Kishii- 

Nabinm “has received- ., • * . 

The names of the witnesses then follow and the date, which is the llth 

year of Ammizadugga. or 1567 B, C- 

IL" 

‘To the patrician ’speak ’saying, Gtmil-Marduh (wishes that) ‘Shamash 
and Marduk may give thee health! 'Mayest thou have peace, mayesl thou 
have health! ‘May the god who protects thee ‘keep thy head in good lock! 
(To innuire) ’concerning thy health I am sending, *May thy welfare before 
and Marduk “be eternal! "Concemiiig the jco j/iorj of laud, the 
field of Sin-idinaiit “which to Aharama, “to lease, thou hast sent: '‘the 
land-steward and scribe “appeared and “on behalf of Sin-idinam “I look that 
op. “The 4i» short of land to Aharama "as thou hast directed "I have 
leased. ’’Concerning thy dispatclies I shall not be negligent- 

ill.- 

'i shekel of silver, 'the rent of his field 'for the year that Ammiradugga, 
the king, (set up) ‘a lordly, splendid statue <1. t. Atnmiradugga’s i3lh year), 
•bmuglit ‘Aharama; 'received (it) ‘Sin-idinam ’and Iddatum. “Monih Siman. 
(May-Junc) ^ih day. “the year .^tnmizadUEga, the king (set up) "a lordly, 
splendid statue. 

These documents are conclusive proof that Atsirama, or Abraham, 
was a personal name in Babylonia. The naine apparently meant, 
“ He (i. Cv some god) loves the father." The .\bra1tam revealed in 
these documents w'as not the patriarch, hut was a stnal! farmer In 
Babviouta. His father was Awel-lshtar, not Tcrah; his brother, 
Iddatum, not Nahor. His existence, however, shows that, just as 

^ Vorderasia^the Schtiftdtnirniiler Arr ifoni^/iVhr Mutten jn flfWtpi, 

VII,, No. Ofl- 

” !hid.. No. u)»- 
”Ibid.. Xo. rff. 
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in the cases of Jacob and Joseph^ a living person probably existed 
far back in history about whose name stories^ gathered from various 
quarters, afterward clustered. 

That such a person may have migrated from Babylonia to Pal- 
estinCp as the Biblical patriarch is said to have donejs clearly attested 
by an interesting little contract from Sippar, which reads as follows 


^A wagon ^irom itanrtuin-baliiin-ShaTEash, "son o£ Sbelibia, ^Kh^bilkinum, 
*son of Appanibi *Oti a lease ^for 1 year *has hired "As a yearly rental “a/a 
of a shekel of silver shall pay. “As ttie first of the rent “l /6 of a shekel 
of silver "he has received. ^Unto the land of Kittim "“he shall not drive it. 
(After the names of the witnesses comes the dale.) “Month Uluh day 25th, 
”ihe year the king as a friend protected Erech from the flood of the river. 

Tlie date of this interesting document has not been identified 
with certainty, but it probably comes from the reign of Shamsuiluna 
(20S0-2043 B^.)* The country Kittim mentioned in it is die Medi¬ 
terranean coasts which was sometimes so called by the Hebrews (cf^ 
Isa. 2: 10, and Eae. 27:6). The interesting thing h that intercourse 
between the Babylonian city of Sippar and tine Mediterranean coast 
was so frequent when this contract was made, that a man could not 
lease his wagon for a year without miming the risk that it might be 
driven to the ^lediterranean coast lands. It ivas in a period of such 
frequent intercourse that some Joseph-el and Jacob-el migrated from 
Babylonia and gave tlieir names to Palestinian cities. And it would 
seem that some Babylonian Abraham may have done the same, for 
Sheshonk 1 ., of the twenty-second Egyptian dynasty (the Shlshak 
of the Bible)^ records as otic of the places captured by him in Pal¬ 
estine a place called ‘'The iield of Abram.”*^ This place w^ould 
seem to have been in southern Judah. It w-oiild seem quite as likely 
that a Babylonian Abraham may have given his name to the place in 
the same way that a Jacob-el and a Joseph-cl did, and that, after 
Hebrews had settled in the country^ they took his name over* just as' 
they did the other tw^o, as to suppose that the name Abraham origi¬ 
nated in an epithet of a moon god. 

One cannot well refuse to believe that many of the stories con- 

■See sur Atiyrtohgiit^ V.i p. 4^8, No. 2^; cf. p. 429 ff. 

S^c Breasted, “ ,'\ncicnt RecordSp Egypt,^ i\\ 352^ ^3, 
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nected with Abraham grew up in Palestine around certain shrines. 
They were the instruments by which Israel justifiLHl her use of these 
shrines. Other stories, like that in Genesis iS. 19, a™®* a* 
explanation of natural phenomena, such as the existence of the 
impressive gorge of the Dead Sea. and probably in their earliest 
form had no connection with Abraham. One can batdly believe, m 
view of all the evidence presented, that Abraham was the real an¬ 
cestor of all the peoples said to be descended from him, any more 
than be can believe that all Egyptian.^ were descended from one. 
Mizraim, but it is no longer unthinkable that tbe stories collected 
about Abraham have been attached to the name of a real man, who 
once migrated from Babylonia, 

This paper cannot conclude without some remarks about the 
historical character of the fourteenth chapter of Genesis. Critics 
agret that it does not belong to either of the four great tlocuments 
of the Hexateuch, and a considerable unanimity of critical opinion 
has been reacbetl in recent decades, that it is later than all of them, 
and that it is a kind of Je^sish mid rash of a thoroughly unhistorical 
character. On the other hand, a large group of conservative 
scholars have endeavored to show from Babylonian texts that it is 
real historv— bistort' the authenticity of which is confirmed by the 
monuments. What are the facts as they appear to an unprejudiced 
mind? 'I'hay ave as follows; 

Hammurapi, the great Babylonian lawgiver, one of the most im¬ 
portant of all the Babylonian kings, rdgnetl from 2123 to aoSi 
B.C., and claimed sovereignty of MaMit, or the Westland, probably 
Syria and Palestine. Many scholars have liekl that Hamniurapi was 
the same as .Amraphel of Gen. 14: i. The names would exactly 
correspond were it not for the ! at the end of Araraphcl. By no 
known philological ec^uivalcnce does that letter belong there, and if 
Hammurapi is intended by .Amraphel, Gen. 14 must have been 
written BO late that the name had become corrupted in a way .similar 
to the corruption from which good Hebrew names have suflfered in 
the angelic lists of the Ethiopic Enoch.” 

“See the wriiec^a article. Origin of the names of Anirels and Dtmon^ 
in the Extra-Canonical Apocalyptic Literaturt to loo A. D/' in Jaurnal p/ 
Bihtko! Litfruturc, XXXI , 156 
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Arioch, kin^ of Elnssar (Gen, 14: i)f identified with 

Rim-Sin, king of Larsa, a contemporary of the latter part of the 
reign of lianimurapi. But the fact is the name of Rim-Sin could 
not even in Sumerian possibly be read Ari-aku. Tlial of his brother, 
Arad"Sin, might be so read, but there is nothing to lead us to sup¬ 
pose diat it was, and there is no evidence that either Atad-Sin or 
Rim-Sin were ever in friendly alliance with Hamniurapi.*® 

Again, much has been made of the fact that Kudur-Mabug, the 
father of Arad-Sin and Rim-Sin^ who was the “ Ad-da ” or ruler 
of Emuibal, a district of western Elam, calls himself '' Ad-da of 
Mar-in,^ which has been supposed to be Palestine, Mar-tu, how¬ 
ever, simply meant the place of sunset, and probably in tills inscrip¬ 
tion refers to the vvtstern part of Elam.*® There is really nothing 
whatever to connect Kudur-Mabug with Palestine at all. And even 
if there werct his name is not Cherdqrlaomar, so that again the in¬ 
scription would he evidence of the lack of information on the part 
of the Biblical writer. 

Much has been made by Professors Sayce®^ and Ilommel of four 
documents published by Pindies in the Tran$a<iwns of the Fuiorta 
XXIX.* S2 ff., which, according to Sayce and Pinches, con¬ 
tain the names of Arioch, Cherdorlaomar. and Tidal, the three kings, 
w'ho in Gcti. 14: I are associated with Xmraphel. The documents 
are written in Semitic and arc from the Persian period, not earlier 
than the fourth centttry B.C. 

in reality neither the names Cherdorlaomar nor Arioch appear 
in the text. The name read Kudiirlakhmal is really 
or Kii-dur-ku-maL The other rea<lmg is only obtained by giving to 
tlie sign kii a value, hhh, altogether tin attested by the cuneiform 
literature. The name read Eri-caku and identified with Arioch is 
spelled in tvyo w^ays. If reail as Stimcrian, it might be Eri-eaku. 
The text in which it occurs is, however, Semitic, and it is probable 
that the name is to be read here in Semitic fashion. So read it 

*-Cf. Uurnaf &f niMifni Ulcraturf, XXVHl., 158 fl. 

Cuneiform Texts,^ XXL, 

” Sec Price, Decennial Publicauon^ of ihc University of Chlcajjo, V., 

*CL PSBA XXVllL, 203-218, ziE-aST; XXIX., 7-17^ Ct also King, 
" Leners and Inscriptions of Hamitiiirabt,'' 1 ., p. li ff. 
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becomes Arad-malkiia, or Arad-malaku* Tudkhula, the supposed 
Tidal, is not called in the document a king at all. To identify him 
with Tidal, king of the nations," is a purely fanciful procedure. 

It should be noted that in the documenta which record these 
names Arad^malaku, the supposed Eri-aku, takes no part in the wars 
described i it is his son, Dursil-ilani (who, by the way, has a good 
Semitic name) who is represented as the coniemporarj' of Kuku- 
kumal, the supposed OicrdorlaomaT, It should be further noted, 
that these documents represent a complete conquest of Babylon by 
Elam— a conquest so complete that: 

" In their faithful counsel unto Kukukumal, king of Etam, 

Thej- [die gods] estalilished the fixed advance, which to them seemed 
good. 

" tn Babylon, the eity of the gods. Marduk set hi$ IKukukumarsl throne, 
All, even the Sodomites of the plundered temples, obey him. 

Ravens tiuild their nests; birds dwell [iherein]; 

The imvens qroak(?), shrieking they hatch their young lin it]. 

To the dog crunching the botic the Lady ... is favorable. 

The snake hisses, the evil one spits poison" 

This quotation front the second of the documents published by 
Pinches describes a complete subjugation and desolation of Babylon 
by Kukukumal, king of Elam. This definitely excludes the possi¬ 
bility that Kukukumal could have acted in harmony with Hammu- 
rapi, as Cherdorlaomar is said to have done. Intleed, it shows that 
he was not a contemporary of Hammurapi at all, for during his 
powerful reign there was no such conquest of Babylon by Elam. 
There were many conquests of Babylonia by the Elamites, and this 
must refer to some other period. Tn the documents themselves there 
is evidence that another period is intended, for Babylon is called by 
its Ca.ssitc name, Kar-duiiiasb, a name that it did not bear until three 
or four hundred years after Hammurapi. 

If the fourteenth chapter of Genesis ivas influenced at all by 
these documents, it is only another proof that the critics have been 
right, and that the chapter is not an autliority as history. 

Brys Maw'r Cou.eeE, 

.April 17 . 1913- 


THE DETERMINATION OF URANIUM AND VANADIUM 
IN THE CARNOTITE ORES OF COLORADO 
AND UTAH. 

By ANDREW A. BLAIR, 

(Rcflrf April 17. ^913 ) 

The delermmaticm of uraRmni in ores has become a matter of 
iiRportance, due to the discovery of ores containing this element in 
Colorado and Utah and the constantly increasing demand for them. 
In these ores the uranium is associated with two to four times as 
much vanadium and varying amounts of silica, alumina, oxide of 
iron, lime and magnesia. They are practically free from phosphoric 
acid and sulphides, and contain very small amounts of metais pre¬ 
cipitated by hydrogen sulphide in an acid solution. The problem 
thus is practically the separation of the uranium and vanadium from 
the alumina and oxide of iron, and their separation from each other. 
The first fart of the problem is readily solved by the use of ammo¬ 
nium carbonate, which dissolves the uranium and vanadium and 
precipitates the oxide of iron and alumina. The separatiori of ura- 
ninni from vanadium is more difficult, owing to the strong affinity 
between these elements. The volumetric method seems to offer an 
ideal separation as hydrochloric acid reduces the vanadium to the 
vanadyl condition witliout affecting the state of oxidation of the 
uranium and subsequent evaporation with sulphuric acid and titra¬ 
tion with permanganate gives an accurate method for the determina¬ 
tion of the vanadium. Subsequent reduction by aluminum reduces 
the uranium to UO„ but it also reduces the vanadium theoretically 
to the state of VaOj, but upon the removal of the aluminum the 
vanadium absorbs oxygen so quickly that the actual state of oxida¬ 
tion IS uncertain and the titration becomes unreliable. In Low’s 
" Technical Methods of Ore Analysis,'’ page S04. the method relies 
on the precipitation of the vanadium as lead vanadate in the pres¬ 
ence of free acetic acid for its separation from the uranium, and 
while with great care this may be accomplished with more or less 
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acciiracy it Leaves much to be desired in the way of simplicity and 
ease of manipulation. 

The method ^vcn by CamoD for the determination of vanadium 
by adding uranyl nitrate and precipitating the ammonium uranyl 
vanadate in a solution slightly acid with acetic acid lends itself 
admirably to the reverse detemiiiiationp and in tlte presence of an 
excess of vanadic acid the uranium may be accurately and easily 
determined. 

Ammonium uranyl vanadate is a canar)' yellow flocculent pre¬ 
cipitate resembling sulphide of arsenic. It settles rapidly and is 
quite insoluble in a solution faintly acid with acetic acid. It must 
be washed wdth a hot solution containing about 5 c.c. of slightly acid 
ammonium acetate to iCO c.c. of water, as it is slightly decomposed 
by pure water, passes through the filter and is reprecipitated in the 
filtrate. Upon ignition the V.Oa, 2UOj,(NI:I^.)aO + H5O loses am¬ 
monia and water and becomes \TO^, 2UO3. It burns readily^ but 
should not be heated above a low red, as it fuses and becomes very 
insoluble. Even when not fused it dissolves with difficulty in a large 
excess of dilute nitric acid. Fusing the salt does not*appear to 
change its composition or the degree of oxidation of the uranium as 
the w^eight remains constant. When fusedp a little hydrofluoric acid 
added to the dilute nitric acid causes it to dissolve more readily. 

Detersi I N ATION or Uraniu^i. 

lioil t%vo grammes of the finely ground ore with 25 c.c, of strong 
nitric acid and c.c. water for half an hour, dilute and filter. Re¬ 
ject the insoluble portion. Neutralize the filtrate with ammonia 
and after a precipitate has formed atld a strong solution of ammo¬ 
nium carbonate in excess. A large exce.ss of ammonium carbonate 
is to be avoided as it dissolves appreciable amounts of both alumina 
and oxide of iron. This precipitates the alumina, oxide of iron, etc., 
while the uranium and vanadium arc dissolved. The volume of the 
solution should be about 250 c.c. The solution should be warm but 
not hoi, ^ temperature. Stir constantly for 

fifteen or twenty minutes and allow' the precipitate to settle. Decant 
as much as possible of the clear liquid on the fitter, and finally pour 

^Traite d'Anatyse des Substances MLnerale&/^ Vol. ll, p, 
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on the precipitate and ivasb it two or three tjme,s with water con¬ 
taining two grammes of ammonium carbonate to the lOO cx. Evap¬ 
orate the filtrate. Dissolve the precipitate in a small quantity of hot 
dilute nitric acid and reprecipitate as before. Filter and add the 
hitrate to tlie first one. Evaporate until the ammonium carbonate 
is expelled and acidulate with a few drops of nitric acid. Evaporate 
until the vohime of the solution is about 200 transfer to a 
4JOO-C.C. beaker, and add ammonia until a precipitate appears. Add 
nitric acid drop by drop until the solution clears^ then add 10 to 15 
-c.c. of ammonium acetate^ made by adding 30 per cent, acetic acid 
to strong ammonia until the liquid is acid to litmus paper. This will 
require a little over three volumes of acetic acid to one volume of 
ammonia. The precipitate which foniis immediately is the amme^ 
nium uranyl vanadate V2O5+ sUOa, (XH*)jO + lEO, mentioned by 
* Carnot. After boiling for a few minutes it settles rapidly^ leaving 
a dear supern^ant liquid. Decant the elear liquid cm a filter and 
wash twice by decantation with hot water containing 5 c.c. of the 
ammonium acetate mentioned above to too e.c. of water. Wash the 
Ijrecipitate onto the filter and w^ash several times with the same 
solution. Dissolve the precipitate adhering to the beaker in hot 
dilute nitric acid, pour it on the filter allowing the solution to run 
into a small beaker. W ash the fiber with dilute nitric acid and hot 
water and evaporate the solution to dryness, without heating above 
water bath temperature. Dissolve in a little hot dilute nitric acid 
and add ammonia until a jirccipitate forms, then ammonium car¬ 
bonate to dissolve the uranium and v^anadium and precipitate any 
alumina and silica. Allow to stand until the precipitate settles, filierp 
wash with annnDnium carbonatCp acidulate the filtrate with nitric 
acid, boll off the carbonic acid and precipitate by ammonia and am¬ 
monium acetate as above. Miter, wash, ignite at a low red heat and 
weigh as which contains 744S per cent of UaOj*, 

The succes,s of this method depends on the presence of more than 
a sufficient amount of vanadic acid to form a precipitate of the com¬ 
position mentioned, and this is tlie case with all the ores I have seen 
front these localities. It h well, however, to make sure of this and 
therefore the filtrate from the first precipitation of afiimonium 
uranyl vanadate shcsuld be acidulated with nitric acid and a (tw 
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drops of hydrogen peroxide added. If the liquid becomes brownish 
vellow in color it shows an excess of vanadic acid. If it does not 
it is better to take a fresh portion and add a solution of vanadic acid 
in nitric acid. The amount to be added can be judged by the appear¬ 
ance of the precipitate of aramoninm uranyl vanadate formed in the 
first instance. 

Second Method for the Determination Of Uranium. 

In the presence of large amounts of alumina and oxide of Iron 
an extremely accurate separation of uranium may be made by using 
the reaction suggested by Gooch & Havens,= by which aluminum 
chloride is precipitated in a crystalline form free from iron in a solu¬ 
tion of equal parts of ether and the strongest hydrochloric acid satu¬ 
rated with hydrochloric acid gas. Havens* has shown that this ^ 
metliod gives a separation of alumina from beryllium, zinc, copper, 
mercury and bismuth, I have found that it gives an excellent sepa¬ 
ration from uranium and vanadium and the method as worked out 
is as follows: 

Treat two grammes of ore as directed in the method described 
above for the determination of vanadium and after evaporating the 
hvdrochloric acid solution to syrupy consistency, transfer it to a 
narrow' graduated beaker of about too c.c. capacity, using concen¬ 
trated hydrochloric acid to wash all the solution from the larger 
beaker. The liquid should not exceed 20 c.c, to 25 c.c, in volume. 
Cool the liquid to about 15* C., and saturate it at that temperature 
with hydrochloric acid gas. The gas may be generated from rock 
salt or ammonium chloride in lumps and strong sulphuric acid and 
the current of gas should be constant and of considerable volume. 

When the gas is no longer absorbed but passes freely through 
the liquid in the beaker note the volume and add an equal volume 
of ether. Saturation of the liquid generally increases the volume 
about one fifth and to obtain a satisfactory separation of alumina 
the volume of ether added should equal the volume of the saturated 
solution. Continue passing the gas until the solution is again satu¬ 
rated, being careful to keep the temperature of the solution close 

'GcMjch. “Mclhods of Chemical Analysis," p. 204. 

■ Loc, tii.. PP- 217. 
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to" 15“ C Hydrous aluminum chloridt is precipitated together with 
lead ehloride^ while iron, uranium^ vanadium^ etc., remain in solu¬ 
tion, Prepare an equal volume of hydrochloric acid and ether satu¬ 
rated as described above at 15* C to wash the precipitate of altimi- 
num chloride. 

Filter on a Gooch cruciblct allowing the solution to run into a 
beaker in a bell-jar and wash with the prepared solution. Heat 
the filtrate and washings carefully, evaporate to Syrupy consistency 
and make an ether separation in the usual way. The ethereal solu¬ 
tion contains the ferric chloride and any molybdenum that may be 
in the ore^ while the acid solution contains the uranium, vanadium, 
lime, etc. Evaporate the solution nearly to dryness^ replace the 
hvdrocliloric acid bv nitric add, and evaporate to dryness at ivater 
bath temperature. Tliis oxidizes the vanadium and iiranLum to the 
vanadic and uranic conditions. Add a few drops of nitric acid 
and dilute the solution^ add ammonia until a permanent precipitate 
forms, then excess of ammonium carbonate to dissolve the uranium 
and vanadium, and filter to get rid of any small amounts of alumina, 
and oxide of iron that may not have been removed by the operations 
described above. Determine the uranium as described in the first 
method as uranyl vanadate. 

Determination of Vakadivm. 

Boil ^ grammes of the finely ground ore with 10 c^C+ of nitric 
acid and lO c,c. of water, add hydrochloric acid in excess, evaporate 
to dryness, redissolve in hydrochloric acid, dilute and filter. Reject 
the insoluble matter. Evaporate the filtrate to syrupy consistency 
and make an ether separation to get rtd of the iron. Evaporate 
the hydrochloric acid solution veiy' low, add 35 c.c. or 30 c,c. hydro¬ 
chloric acid and repeat the evaporation several times to insure the 
reduction of the vanadium to vanadyl chloride. Add 5 c,c, strong 
sulphuric acid and evaporate until fumes of sulphuric acid are given 
off. Cool, dissolve in water, and titrate at a temperature of about 
C. with permanganate solution in a volume of about too 
c.c. Tlie iron factor of the permanganate multiplied by 1.6342 
gives the V^O^, taking vanadium as 51.0, 

Pin LABEL? HI A, April, 


SUETONIUS AND HIS BIOGRAPHIES. 


Bv JOHN C ROLFE. 
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Suttonitis' ""Lives of the Cscsars^^ is a work which is less wdl 
known to us than it ought to be. Its frequent citation tn historical 
writings and in treatises on Roman antiquities might seem to make 
this statement a quest lonabte one+ but it is just tied both by the rarity 
of the appearance of the author in our college courses of study, and 
bv the publication of so feu' editions of the Caesars or of indi¬ 
vidual lives in English; while no full aud satisfactory commentary 
exists in any language, so far as I know. 

The work has the unusual distinction of three cdi/icniej prmnp^s, 
of which two appeared in Rome in T47O within a few months^ and 
one in Venice the year following. Between tlial date and 1S20 
more than forty editions were issued, including some reprints, under 
the names of such scholars as Erasmus, Stephauus, Casaubon, Bur- 
mann and Emesti. Bentley commenced an epocli-making edition 
which was never finished, and between 1606 and 1796 three transla¬ 
tions into English were made. 

Since 1620 the publications dealing w ith the Csesars" have been 
relatively few* In 1858 C. L. Roth issued a text which was the 
standard until 1906, when L, Preud'hdmme published a new recen¬ 
sion, followed the next year hy that of M. ilim, Ko commentary 
on the entire w-ork ha$ been made since that of Baumgarten-Crusius 
in 1816, several times reprinted and with some additions by Hase 
{Patis, 1S26), This is naturally not up to date, be-^ides being far 
from complete. In English we have had editions of the “Julius 
and AugustuSn"^ the Augustus,and “ Tiberius-Xero,”* and com- 

• H. T PeeVf, New York mf* 

*E, S. Bhucktrtjrgti, Cambridge (EukLiicI), 

VJ. B. Pike, Boston, iCKsj- 
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mentaries on Claudius and “ Galba-\"itellius have been pub¬ 
lished abroad. Ihm seems to have had a full commentary in mind, 
hut the appearance of this, as well as of his neiv text of the frag¬ 
ments, has been delayed, if not prevented, by his untimely death. A 
survey of the philological journals, both in English and in foreign 
langttages, shows few articles dealing with Suetonius, compared with 
the number of those devoted to the text and elucidation of many 
odier Roman writers. 

The neglect of an author once so popular may be attributed in 
the main to t%vo cause.s: first, to a mote critical attitude towards the 
Roman writers as regards their style and a tendency to restrict the 
reading of the modem student to those which are rated as ** clas¬ 
sical " in the restricted sense of the term; and secondly, to a more 
rigorous standard tii historical investigation, which has thrown dis¬ 
credit on Suetonius as a source. 

\\‘hi!e Suetonius must be condemned on both these cotmts, there 
are reasons which make the relegation of his biographies to com¬ 
parative obscurity unfortunate^ They are a mine of infomiation 
on public and private antiquities, they are of surpassing interest for 
their wealth of anecdote and ciirtons detail, and they are an im¬ 
portant representative of a branch of ancient literature of which 
few examples have come down to us. 

The vogue of Siictonitis in still earlier days than tho.^c of the 
printed editions is shown by the great numlier of existing tnanuT^ 
scripts, which are counted by hundreds. These are all apparently 
derived from a single survival, which formed a part of the library at 
Fulda in 844, as we knovv from a letter of Servatus Lupus,* ablx)t 
of Ferrieres, at whose request a copy was sent to France and exten¬ 
sively copied. Tlie original codex Fufdeu^is has since been lost. 

As in the case of Horace, a multiplicity of manuscripts has rather 
added to the difficulties of editors than favored their attempts to 
establish a standard text. The greater number belong to the four¬ 
teenth and fifteen ceiiHirics, and are suspected of containing the cor- 

* H, SmildaH Grcmingen. 1896. 

*C. Hofilcc, Groningen, 1S0&. 

• L. Traube, Nfues Hrr/ifi' dtr Grseihthaft fur aHere DettUehe Gc- 

XX\'IT., pp. :&66 If.; cf. Hermes, XL,, p, 179, 
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reclions and interpolations of llie scholars of that period- The 
emendation of a text disfi^rcd by lactm^e and errors began in fact 
at an earlier period and had tended to disguise the readings of the 
archetype as early as the twelfth century. 

We have a few manuscripts of admitted superiority, the Mem- 
miantis of the ninth century-, the of the twelfth, and Ffltf- 

cawiij of about the same date as the latter^ but unfortunately 

coming to ail end in the third chapter of the Life of Caligula." Of 
these the first is comparatively free from emendations^ but it has 
numerous errors and lacunae, including the extensive gap at the bc' 
ginning of the** Life of Julius.” The missing portion of this '^Lifc” 
was apparently still in existence in the sixth century, wlieu Johannes 
Lydus used a codex^ containing the missing dedication to C. Sep- 
ticius Clarus, prefect of the praetorian guard, and hence presumably 
the opening chapters of the "'Life of Julius." These must there¬ 
fore have disappeared between the sixth and the ninth centuries. 
To the evidence for their existence, whicli has been questioned by 
some, we may add a statement of the commentaior Sergius"; '* Sue¬ 
tonius ait in vita Caesaris response esse data per totum orbem nasci 
invictum imperatorem.'* This remark^ if we may trust Servius for 
its genuineness, must have been made in the missing portion of the 
'"Life of JuliiisJ" Moreover, the general plan of the biographies 
obliges us to assume a lacuna, and the arguments against it are 
wholly unconvincing. 

The rest of the manuscripts fall into two clashes, each repre¬ 
sented by numerous codices, of which the second contains more 
errors and emendations than the first. Individually the manuscripts 
are of comparalively little value^ but their archetype&, whose read¬ 
dings may be recovered from their agreementp arc more important, 
especially that of the first classp which seems to be derived from the 
same original as the FdhVflHifj. 

There is comparatively little difference of opinion as to the value 
and relationship of the earlier manuscripts. Ihmand PrendliommCj 
as the result of careful and independent investigations, arrived at 

"'De Magislr," i. 6, p. 102 Fuss. 

- On Verff. ” VL 7 ^ 
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substantially the same coiidusions, and while they differ in their 
estimate of the relative importance of some few' codices, thctr texts 
show very slight and unimportant variatEons one from the otJier. 
We might therefore regard the text of Suetonius' Caesars'' as 
settled, barring die possibility of the discovery of new material, we re 
it not for the difference of opinion as to the independent value of 
the later manuscripts^ 

These codices frequently offer readings superior to those of the 
earlier ones, but, as has been said, it is suspected that they are the 
corrections of scholars of the fourteenth and fifteenth centuries and 
hence of no weight in determining die readings of an archet>-p^ 
This conclusion was reached by Roth in 1S5S, but it has since been 
called in question by various scholars,® At present^ however, the 
weight of evidence is m Roth's side, since Ihm and Prcud'honime 
have arrived at the some conclusion through more extensive and 
thorough studies'® than have as yet been made public by the sup¬ 
porters of the contrary viciv. As a matter of fact, except for 
greater conservatism in the later editions, which is in accord with 
the current conception of textual criticism, and greater reserve in 
filling lacunaej the texts of Ihm and Preudliommc show remarkably 
few deviations from that of Roth* so that any radical changes must 
be tile result of the demonstration of the independent value of the 
later manuscripts or of the discovery of fresh material. 

As to Suetonius himself our information is somewhat scanty^ 
since he is one of many Roman w riters who make feiv allusions to 
themselves t in fact the character of his work is not such as to call 
for revelations of that kind. What w'e do know^ is derived for the 
most part from the " Lettersof the younger Pliny, to whom we 

*Chr. Modderman, “LKtiones Suclcmiaruje" GmaEngcn, tBq 2 ; H, M. 
Veldliutfi, “ Anaotaliones Cnticac,"' Uyden, 1897; C T Smhh, H^n'ord 
Siudifj m Class. Fhii., XII, <igoi). pp. ^ ff.; A, A. Howard. lU* pp, 261 ff.j 
and others. 

** Preud'homme, " Pretniere^ druxieme, troi^iemc etude ^tir Thistoirc du 
tcxtc dc Suetone de vita CJtsarum,'' in the BttlUiinj df rAcademtt royals di 
19(K4 and Mi'mQircj couronSs H aaim tar rAtad- 

rnya/c df Belgique, LXIIL, pp, Ihm, Hermes, XXXVIi^ pp, 

^590 fF, and the introd. to his edition* LeipEig, 1907. 
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also pwe information about hii nnck, the elder Ptiny,^^ Silius 
Itatkiis,^^ Martial,** and other writerEJ of the day. C. Snetonius 
Tranquillus, ai he himself tells us,^* was the son of Suetonius 
Laetas. a Roman knight, who in April of the year 69, as tribune ot 
the Thirteenth Legion, took part in the battle of BcLriacinri, where 
Otho's forces were defeated by those of his rival Vitellius, In 
other casual allusions of a personal nature, four in number,** Sue¬ 
tonius gives us no additional information ot importance, although 
thev are of some help in drawing conclusions as to tlie date of his 
birth. 

His birthplace Is unknown. .Arguing c.r si^etitw, it is possible 
to inler that he was one of the few^ Roman writers who were born 
In the city itself^** The dales of his birth and death are also iiticer- 
tain. The former is assigned by Mqmmsen^^ to the year 77: b> 
!Mace with somewhat greater probability to To determine the 

exact year is bnpossibkp but the facts of Ills life, so far as we know 
them, point to the beginning of the reign of ^kspasian. The date 
of his death Is equally uncertain. Our last reference to him as still 
living is in the year 121, but the implication in one of Pliny's letters^' 
that he was slow' to publish, taken in connection wdth the long list of 
his writings, w^ould seem to Indicate that he must have lived to a 
good old age, including a part of the reign of Antoninus Pius. 

From another of Pliny's letters, a reply to a request to have a 
suit in w^hich his friend is about to plead postponed in consequence 
of an unfavorable dream,®'* we learn that Suetonius practised at tlie 

*‘lll., 5: Vt, 16 and 

«I1L,7. 

■"IlL 21, 

"‘Otho, 10, 1. 

■‘Calig-p ig. 2 ; Dotnk., I 3 ; Kcro^ 57 ^ 2; cam post viginti annas (aficr 
Nero's dcaihh adulescente me, extitisset condkionis infertile fiui se Neruncm 
esse iactarct* Gr. 

"' The number of these is at most small, and there is no writer of promi¬ 
nence about whom it cm be asserted positively ^ it Is prql^ble in the cases 
of C^«r, Lucretius mud Sneloniiis; ch Mace, ^ Esjiai sur Suetonr," Paris, 

1900. UP- 33 ff 

^ HirrmfS^ llf.. p- 43 

'* L. r., pp. 35 ff- 
V., 10. 

-I., la 


Iflil ] 


ROLFE—SUETONIUS AND HlS BIOGRAPHIES. 


211 


bar^ at Icasi for a short lltne. From a third reference of PHiiy=* 
Mace and others have assumed that Suetonius was a teacher, and 
the fottner^ with the imagination cliaracteristk of French scholar¬ 
ship, constantly refers to him as a maitre d'^ole ” and draws in¬ 
ferences from his profession. But the most natural interpretation 
of d&mimi scJwhsticis In the passage in question is "'scholars turned 
land-holders/" and there seems to be no evidence whatever that 
Suetonius was a schoolmaster. 

Pliny's acquairiLance with Suetonius was evidently an intimate 
one, since he twice refers to him as c&ntubemalis.^^ This term, too* 
seems to imply that the two men were of approximately the same 
age and hence to support the view that Suetonius was born as early 
as the year 70. An equality in years is not inconsistent with the 
reverence^ which he felt for his distinguished friend, whose posi¬ 
tion was so much higher than his own, and it is in accord with 
Epistp" IX., 34, in which Pliny consults Suetonius as to the advisa¬ 
bility of reading his versos in public. 

Suetonius held no official position in his earlier years. Through 
Pliny's good offices he secured a military' tribunate,"* but soon had 
it transferred to a relative, Caeseiinius Silvanus. The same good 
friend secured for him the iu£ trium Hbemrum from Trajan,“ 
although this privilege was not justified by the number of bis off¬ 
spring. Tliat his marriage was unhappy, as well as uiifrultful 
(/'druJH /c/fr), is a pure inference- Pliny himself was childless, 
though he too received the ius irinni tiber^rum from Trajan“*j but 
the happiness of his wedded life is apparent from several of his 
letters.®*' 

The letters of Pliny which refer to Suetonius cover approxi¬ 
mately the period from 9(1 to 1X2. When wc ne.xt hear of him," 

°I., 24 . I: cL X.. I- 

*111., 8^ I ; reverentia nuam ttiihi pr^^tas. 
fi. 

^ The kx Papia Foppxa deprived childleds^ men of crtit half 
of the legacies and inheritances left them, which made the ih-j iriupfi hbir- 
antm particularly in demand. 

J rg; VL, 4.7^ VlL, 5 ; Vfll. l(X 

*Sparlianus. Vit, Hadr./* ll, 3- 

TRW. JlMRT. ewit^ tllr 309 PUSKTtU 6, 1913. 
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he is holding the responsible position of secretary under Hadrian 
{Ab episluiisj referred to by Spartianus by the later title of cpistu- 
larum Magister). It is altogether probable that he owed this posi¬ 
tion to the infitienee of his friend and patron C, Septicius Clarus, to 
whom he dedicated the “ Lives of the Csesars " and that he held it 
while Septicius was prefect of the praetorian guard, from 119 to lai. 
Spartianus tells us in the same passage that both Suetonius and 
Septicius were dismissed by Hadrian, “q^uod apud Sabinam uxorem 
iniussu cius faraillarius time se egerant quam reverentia domus aultcae 
postulabat" While this statement is far from definite, die words 
eius certainly imply some violation of court etiquette rather 
than any more serious misconduct. After this we lose sight of 
Suetonius, but it seems probable that he lived in retirement and 
devoted himself to study and publication. 

Our references give us the impression of a man of quiet, schol¬ 
arly tastes and habits, of no great ambition in other directions, who 
enjoyed the friendship of a number of distinguished men and from 
his connection w'ith them,and his position under Hadrian had the 
opportunity of gathering a great amount of information. This is 
confirmed hy the allusions to his ivorks, whicii are considerably more 
numerous, as well as by bis reputation in later times. According 
to the fashion of bts later years, when the greater part of his books 
were published, he seems to have written In Greek as well as Latin, 
although the fact that the titles of some of his works are knoivn to 
us only in their Greek form is due to the sources in w'hich they have 
been preserved. The lexicographer Suidas, of the tenth century', 
has given us a catalogue of hi a writings,-* which has been supple¬ 
mented from other sources,** while other references throw some 
light on the extent and interrelation of some of the books.** They 
are in the general fields of history (biography), antiquities, natural 

^ S. Vr TpdyivXXjJt 

^Pa. Viet., " Efiit-r** 14; Senlus on iEn,/' VIL, 627; X-yduSp De 
^ P- Fiissj Anson., " 1 % p. 180 Sehcnkl; Charisiu^^ 

"Gr. Lit.;* Lp 17 K,; etcr. 

Otf Nat. R^rum" 38 and 44: PrfsGian^ VI [I., so and ^i, 

XVIIIm 149- 
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history and grammar^ and comprise eighteen titles^ which are ¥afi- 
oiisly arranged by different scholars.** 

Of all these works only the '"Lives of tJie Oesats” has come 
down to us practically entire.’" We have besides cotisiderable por¬ 
tions of the " De Viris lUostribus/^ biographies of illustrious Ro¬ 
mans in the fields of literature and philology ^ and numerous detached 
fragments from other books, preserved in the form of citations and 
excerpts by later write rs.^ 

While the historian of Latin literature can hardly class Suetonius 
higher than second rate, his influence was greater than that of many 
more eminent writers, partly because of his relatively high rank in 
the period of his activity, but especially because his " Lives of the 
Cssars" appealed to the spirit of the age. Because of this they 
gave a biographical lum to historical writing which endured for cen¬ 
turies. They served as a model for Marins Maximus, who lived 
from about 165 to 230, and for die writers of the Augustan History 
(“ Scriptores Ilistoriae xAugustse"") of the time of Dioclelian and 
Constantine, while Tacitus found a follower only in Aitnnianus Mar- 
cellinus {330-400). Their influence extended to the Oirislian wxit- 
ers, as appears from the biography of Ambrosius by his secretary 
Paul inns, and even to the Middle Ages, when Einhardus took the 
same pattern for his “Life of Charles the Great.” Entropius, 
Aurelius Victor and Orosiusdrew on him freely and often transcribe 
his language so faithfully as to be of some little value in questions of 
te.xtual criticism; and he w^as used as a source by Greek writers 
such as Cassius Dio, Lydtis, atid others. 

Ills other biographies were not neglected: Apuleius made use of 
his book ^"'On Famous Courtesans," Hieronymus wrote of the "IL 
lustrions Men ” of the Church in imitation of Suetonius^ work of 
the same title, while the ecclesiastical chronographers, such as Julius 
Africanus, drew on his treatise ^'On the Kings," 

His antiquarian and grammatical ivorks were equally infliieiitial. 
Tcriullian based his ^"De Spectaculis " on a similar work of Sue* 

Mace, L c., p. 355; Schanz, ^‘Geschichle dcr romistlicTi IJtteralwr,^ 
Fart 5, pp. 53 f^: etc. 

* See page alfovt. 
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lonius, while Censoriniis, Solinus, Macrobius. the commentator Ser- 
vius, the scholiasts on Horace. Germatiicus and Juvenal, the gram¬ 
matical writers, and especially Isidore, the learned bishop of Seville, 
excerpted him freely and extensively. In this field, too, his influ¬ 
ence extended to the Greek and Byaantine writers and inspired and 
furnished material for numerous works on natural history in the 
Middle Ages. 

From its title and its general form the '* Lives of the Cssars” is 
naturally classed as biography, and it is also numbered among our 
historical sources. Strictly speaking, however, it is neither history 
nor biography. Great historical events are dismissed in a brief 
chapter, like Caesar's Gallic campaigns, or with a casual allusion, 
as in the case of the defeat of Varus, Constitutional history re¬ 
ceives relativeb' greater attention, but tit is too is subordinated to 
the personality of the emperors, about whose qualities and charac¬ 
teristics the minutest and most intimate details are given. Chro¬ 
nology is neglected, except for the dates of birth and death. 

But ^vhen wc examine the Lives a^i biograp-hy, we find them 
lacking in some of its most essential fcaiures. As a matter of fact 
biography as ibe 'Mailhful portrait of a sottl in its adventures 
through has reached its full developinent in compaTalively 

modern times, and even now there is not entire agTeement as to Us 
fmnetEon. The writer in Larousse^s Dictionnaire Universello/’ for 
example, says:"'* "la biographic lie s^occupe que de la vie bumaineH 
cl die ne I'etudie que dans les actions extcricures des indivtduels.^' 
Yet I think that most of tis would agree that a biography in the true 
^nse of the ivord should be more than a mere catalogue and should 
show^ the development of character as the result of heredityp educa- 
fton and environment. Of this there is practically nothing in Sue¬ 
tonius. He rather furnishes us wdth the raw material for biog¬ 
raphies and his "Lives” differ from the modern conception as 
widclv as do annals from history.** It does not occur to him to 
make comparisons behveen the various individuals whom he por¬ 
trays, or to draw' the psychological deductions that cannot escape 

^ ^ 

V., II., p. 257 - 

" Sec Sempronius Asetlio in Gcllius. l8, 5 ff. 
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ihe thoughtful reader. In ihe Life of Caligub he gives us an 
appreciative sketch of the noble father Germanicns, leaving the 
reader to note the contrast with his unworthy son. He does, it is 
true, express the opinion that the latter was sound neither iu body 
nor mLndp but he attributes to thisp not his acts of madness and his 
change from benevolence to tyrannyp but merely the existence in the 
same man of tivo opposite traits, contempt of the gods and extrava¬ 
gant fear of thunder and lightning.*" He has noted this same fear 
in Augustus, who had good reason for it in a narrow escape from 
death, and in Tiberius; but he has no lliought of regarding it as a 
family trait: still less as a form of degeneracy or the effect of a 
guilty conscience," 

It is unnecessary to multiply examples of this kind. His method 
is sufficiently illustrated by his own remarks,** It consists in gen¬ 
eral in giving an outline of the life of his subject^ commonli- pre¬ 
ceded by a sketch of the history of his family^ and followeci by an 
enumeration of his deeds in war and in peace and an account of his 
private life and habits. His good and bad qualities are presented in 
separate lists, rarely with comment of any kind.*"* 

The “Lives'' differ no less from the original Greek conception 
of biography than from that of modem times. The former con¬ 
sisted in a description of the ideal i3toc^ the art of living, as a model 
for imitation,*' and the type enclnred for many centuries. In this 
a.spect biography approaches tlie domain of philosophyp and Wila- 
mowitK finds its beginnings in Plato, although it did not become 
common until the Hellenistic period. Our greatest example is of 
course the “ Parallel Lives of Plutarch, who tvas a young man in 
the days of Nero and probably WTote his biographies under die 
Flavian emperors, although they were not published until a later 
time. Side by side with the philosophical biographies, hoivever^ 

"^Calig,, sit 

“Cf. Juvcfiak XIII^ 223 IT. 

g, 61, Tib., 61; ai; Nero, igu 

**Sce, however^ Tib., 21; V«p., 3; Titus, 1 1 10, 3, etc., and on the Ust- 

tiamed efr Leo, “ Die griccbiseh-roniische Biographie,’’' pp. ^ fF, 

** See WilaiaowIlK'Modkndord Sn “ Kultur dcr Gegenwan,’^ L, 3,’ pp. 
ii6ff. 
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though of somewhat later origin, we have the so-called "‘gram- 
maticar' t>pe oi the Peripatetics, originally designed as introduc¬ 
tions to works of literature and drawing their material in a great 
meai^ure from those work^ themselveSt hnt afterwards extended to 
men eminent in other fields.^* These are of the same general char¬ 
acter as those of Suetonius^ and undoubtedly influenced the form of 
his '' Lives of Illustrious lien ” and of his Caesars/' 

In considering the indebtedness of works of Rontan literature to 
Greek models w^e must make a distinction between form and con- 
tents^ It is well known that the Romans had made beginnings in 
various lines of literary endeavor before their introduction to the 
masterpieces of the Greeks, wbich would have resulted in the devel¬ 
opment of a native literature quite different from that which ^ve may 
properly call Grscco-Rotnan. Although th is development was checked, 
it is equally well known that from the outset the Roman writers 
showed originality In the use of their models, for example, in the 
contamination of Greek plays and in the early invention of the 
fabvti^ pritttxta and fabufa But the influence of the form 

of the Greek writings was pow erful from the beginning, and as time 
W'ent on^ regular rules for the various classes of literary composition 
were formulated^ from wdfleh a rhetorically trained writer seldom 
ventured to deviate. This^ hotvever, is not necessarily attended with 
a lack of originality in the subject matter and its treatment. Ilorace 
for instance in his '^'Odcs” followed the general principles and 
metrical sehetues of Akseus and Sappho, as he freely admits/* but 
as Professor Gildcrsleevc has graphically expressed it:** '"If Alkaios 
and the rest of the nine lyric poets were to rise from the dead^ 
Horace would still be Horace/' Similarly it does not detract in the 
least from the merits of the Agricolaas a ntaster[}iece of litera¬ 
ture that its author followed the traditional rules for the compio- 

^ While it WM tnainlained by Leo that thes^ were composed on a gener¬ 
ally uniform plan, the newly dicovered '■ Life of Euripides" by Satyro* 
$}iows a departure from the norm in being cast in ihe form of a dialDguc, 
with one principal and two minor inEerlocutors. 

"^OdcSi" IIL, 3Cr lu; Diear , , , Princeps Aeoliutn carmen ad Jtalos 
Deduxisse modoa, 

*^Amer. Jour, of XXXHL, p. j6gi. 
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sition of encomiastic biography.” Therefore the fact that Sae- 
tonius took as his model the •‘grammatical” biographies of the 
Greeks does not mean that the Romans derived the idea of tliat 
branch of literature from across the seas. On the contrary, there 
are good reasons for supposing that biography was one of the nu¬ 
merous fonits of writing in which a beginnit^ had been made before 
tlie days of Livius Andronicus, and it seems altogether probable that 
considerable progress had been made before that time. 

At first thought we should not be inclined to look to the Romans 
for a form of literature in which the personal element is so strong, 
at least in the earlier period of their history. It is a commonplace 
of criticism that at the beginning of their national life they were led 
by tlieir situation to form a military and political organization in 
which the interests of the community were paramount and those of 
the individual distinctly subordinate. To this we may attribute the 
late and exotic impulse to many forms of creative literature and the 
prominence given to military science and to law, Heine’s witty 
cliaracterization of tlie people as “ cine casuistlschc Soldateska ” con¬ 
tains as much truth as any generalization cpigrammatically ex¬ 
pressed. The Greeks, on the contrary, exalted die individual, and 
their greatness in literature and the arts was in marked contrast to 
their failure to achieve political unity, and their consequent early 
relation to Rome of Grtrda captti. That they were so late in devel¬ 
oping a biographical literature is doubtless to be attributed to their 
ori^nal notion of the moral and didactic function of that class of 
writing and its subordination to other forms of philosophical teach¬ 
ing, and to the relatively restricted nature of the " grammatkar' 
biography in its earlier stages. 

In spite of the suppression of the individual in early Rome, there 
were certain customs which favored the production of biographies 
of a laudatory character, the purpose of which was in part moral 
precept, as with the Greeks, and in part the gratification of national 
and family pride. We are told that it was usual at banquets to sing 
the praises of illustrious men and their houses. Cicero twice alludes 

'“See Hendrickson, “The Proconsulate of Cn. Julius .'Vgrlppa,” fnii', s/ 
ettifogo fJefCpiK. PmW.j VI., 39 if. 
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to this custom/* each time giving Cato as liis authority. \"aleriu!s 
tutem alacriorem redderent/' while Varro,” referring to the same 
custom, says that the singers were pucri modesit. Horace also 
refers to such songSp*^ and Macaulay attempted to give an hniiation 
of them iu his ** Lays of Ancient Rome/' Granting him, as we may, 
a fair degree of success in reproducing their spirit, allliough their 
form was of course quite different^ it is dear that such lays were not 
biographyp although they contained material for such writings and 
two powerful impulsed to their composition. The theory of Peri- 
zoniuSp which Macaulay followed, with regard to an early ballad 
literature is of course generally given up, but we have no ground 
for doubting the testimony of Cato and Varro as to the existence of 
the custom referred to* 

The Romans possessed a closer model for hiographical literature 
in the funeral eulogies which were spoken from the rostra by a son 
or some other near relati\*e in honor of distinguished men and 
w'omenp and in the eulogies of their ancestors by magistrates on 
their entrance to office/® The former custom must have been a 
very' early one, for Livy tells us®^ that it was first extended to w'omen 
after the capture of Rome by the GauiSp in gratitude for their con¬ 
tribution to the city's ransom, an indication of the antiquity of the 
custom, whatever be the truth of the statement itself. The epitaphs 
of the Scipios may be regarded as condensed summaries of such 
eulogies, stripped of their minor details. For example: 

Cornelius Lucius Scipto Barbalu^ 

Gnaivod patre prognatus, forti^ vir fiapieu^que; 

Quoius forma virtutei parisum^ fuit^ 

ConsoU cenfor aidilia, qud fuit apud vo&. 

Disp./ IV,, a, 3: Erarisslmtis sector In Ongmibus diKit Cato 
morem aptid malores hunc epularum fuisae, ut dcinceps qai aceubatvnt caner- • 
ent ad tibiam tiarorum virorum laudes atque vlrtute^i “Brut./' ig, 75, 
Maximus*^ adds that their purpose was '*quo ad ea imitanda iuven- 

I. TO. 

*" In Noniua, s, v* ajio (ecj:)* 

• ^ Ode*;* HL J5. 25 

■For the former sec Pulybius, VL 53-54, and for the latter. Suet. 
Tib-, 33 , L 
•-V.. 30,7. 
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Taurasla, Ciisatiiu, Saninio cepSt; 

Subigit bitinc Loucanam apsidcs^iue abdoucit.** 

Ill tile eulogies themselves fuller details were given, as we see 
from C»sars funeral oration on his aunt Julia, a part of which is 
quoted by Suetonius" In this oration Cxsar undoubtedly had a 
political purpose, as Napoleon had in his “ Histgire de Jules Cesar,” 
and on other similar occasions, the opportunity was taken to justify 
one’s ow'n conduct or tliat of an ancestor. 

That this custom led to the composition of formal biographies 
or at least to the publication of the funeral addresses tliemselves is 
a priori probable, and wre have a parallel in the development of ora¬ 
tory as a branch of literature. According to Tacitus'^* the custom 
of publishing accounts of the lives of distinguished men (clarorum 
virorum facta moresque postcris traderc) was an ancient one (an- 
tiquitus usitatum), and wc have references to such works, including 
autobiography," at a comparatively early date. The custom nat¬ 
urally was given a fresh impulse by the growth of individualism at 
Rome, beginning with the domination of men like Sulla in times 
which might well be referred to by Tacitus as ancient, and reaching 
a high point with the foundation of the Roman empire." To this 
period belongs one of our few surviving specimens of ancient biog¬ 
raphy, twenty “Lives” from the “ De Viris Illustribus" of Cor¬ 
nelius Nepos, published about 44 B.C., which are of quite a ditferent 
iyp^ til an those of Suetonius " 

It is nnnetessan to mention in detail, or to refer to all the biog¬ 
raphies and autobiographies of which we have mention iti this epoch 
and that of the early Empirer®*^ W hile our only otber surviving 
example is the "Agricola'' of Tacitus, the interest of the Romans 
in this form of literainre is suflictently obvious. 

“C 1 U L. 30. 

** Juliaa, 6, 1. 

*• Agrieota, i- 

■ See Wfst, " H El man Autobiography,” Dc Vinne Press, 

*^Thc same personal element appears m the histoneal wntinir of ih^ 
period; cf. Leo^ L r., p, 319^ 

" See Leo. r r., pp, 193 ff. 

•* For numerous references, and on autobiography a$ an original creation 
of the RomanSn see West^ L c. 
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Although it may fairly be mainuined that biography was original 
with the Romans, and although in the nature of the case the Lives " 
of Suetonius are independent so far as their subject matter is con¬ 
cerned, the latter naturally followed the established rhetorical rules 
for the composition of such works. Just as Horace adopted the 
verse forms of Alcaeus and Sappho^ so Suetonius took as his pattern 
the bic^raphies of the Greek grammaiiqar" type,'^'^ since his pur¬ 
pose was not eulogy* but an impartial account* according to his own 
view's of impartiaht>% Such merits, however^ as liis work possesses, 
and such defects as it labors under, are due to himself and not to 
any great extent to his models. That the books, interesting and 
valuable as they are, do not take first rank as literature h because 
he did not have the pen of a Tacitus; that they are rated no higher 
as an historical source is due to his lack of critical judgment. 

The style of Suetonius is that of the investigator and scholar, 
rather than the man of letters, Hts purpose is clear statement» 
rather than rhetorical adornment or dramatic effect. He had no 
leaning towards the style w^hich Seneca had made popular in his 
earlier years/® or that of the archaisers who set the fashion during 
his later life/^ His ideas of an appropriate style appear in wiiat he 
says of that of Augustus/- much of which might be applied to his 
oivn writings. As might be expected of a scholar, his choice of 
words is accurate and forceful, while his sentences are as a rule 
terse and packed with meaning, Xow^ and then he turns out phrases 
worthy of Tacitus, but these seem to be due to his subject matter* 
like Ills intensely dramatic passages/* rather than to any conscious 
departure from his usual unadorned, "businesslike/" and somew'hat 
monotonous style, 

Suetonius had at hts command a w'calth of sources of informa¬ 
tion, die greater number of which arc lost to us, including historical 
works^ memoirs, public records and docuinents, and private cor re- 

**Lro, L f. 

“Cf, Cali^., 5 J, 21 ScTtccam turn majsime placenifm; Kero, S^. 

** See Seneca, “ Eptsl,/ tt4. 13- 

■** Aug^., 

^For example. lhc death of Julius Cse&ar (82) and of Dgmitian (17), 
and ihe last hours of Hem (40). 
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spondencfl, publUhed and unpublished. His intimacy with Pliny 
gave him access lo senatorial opinion, while his position under 
Hadrian opened to him the imperial archives, either directly or 
through his colleague Ab studiis** Few men could have had such 
opportunities, and he seems to have been as diligent a collector of 
material as the elder Pliny “ \\’hile he made little use of the in¬ 
scriptions which are so highly valued in our day « this was due to 
the abundance of his literary material and to the plan of hjs work. 
He occasionally makes use of them and shows an appreciation of 
their value.*' 

In general his methods are rather thos^ of the scholar and inves¬ 
tigator than of the inquirer and observer. He is a diligent searcher 
of records, hut rarely records hearsay evidejicc, gathered from his 
grandfather and other men of the earlier lime, or the results of his 
own observation." As he comes nearer to his own day, when the 
former material was more scanty and the opportunities for gathering 
information of the latter kdnd more abundant, his interest sdsibly 
wanes, In the rare cases wlien he gives us an insight into his 
method of handling his material, as in the discussion of the varying 
opinions about the birthplace of Caligula," he seems to ejcamine it 
with care and good judgment, whenever he considered it necessary 
to do so; but the plan of his work seldom called for such critical 
methods, and it is quite possible that he has given us notice of all 
the cases in which he employed them. What he mainly desired was 
entertaining anecdotes and personalities, and he drew them indis¬ 
criminately from every quarter, either not realizing, or trusting his 
reader to discern that impartial opinions about Augustus were not 
to be expected in the letters and speeches of Mark Antony, or that 
one iustorian was not as trustworthy as another. 

The result is that none of the Csesars cuts a very heroic figure 

" See Maci /. c., p. i lo t, 

*Plmy. ■■Epifft,.'’in, s, 17. - 

-Sm Denniion, "The Epigraphic Sources ijf Suetonius," Amtr. /our. of 
Arch., itc. ser., 11., pp. 20 ff. ' ^ 

Sec 7; Tib.* 5; Caligir, 23; C^qud.n 41J s^nii f&r a full discussion 
of ihc subject* Dennl^o, L c, 

*Sm tbe references in note 15, 

-Cilif!., S, 
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ill Ills pages. The great Julius appears as an iinscrupubus poli¬ 
tician, who aimed at supreme power from his earliest years and 
regarded any means of attaining it as jusiiaable,"’ He was ready 
to join in any attempt at revolution which seemecl to promise suc- 
cess.'i In spile of his moderate use of his victory and his many 
plans for tiic w elfare of the state, Suetonius apparently believes that 
he deserved the fate which overtook iiitn/= For Aiigitstus and Titus 
he has an evident admiration, yet his method does not allow him to 
pass over the former's cold-blooded cruelty-’ and calculating seduc¬ 
tion/* and the latter’s violence, debauchery and shameless avarice.^' 
In fact, his conscientiousness leads him even to record charges which 
he himself rejects.-* On the other hand, he scriipuloiisly recounts the 
good deeds and qualities of Tiberius, Caligula, Xcro, and Domitian, 
although it is evident enough that his general opinion of those emper¬ 
ors is far from favorable. Vespasian fares best, for he is charged only 
tviih penuriousness, and even this Suetonius is inclined to justify cm 
the ground of necessity.'^ Perhaps the most dramatic career of the 
whole series is that of the hard-headed, humorous Sabine, roused 
to seek political preferment only by his mother's taunts,-* and retain¬ 
ing liis simple habits and good common sense even after becoming 
ruler of the state. He bitterly offended Nero by going to sleep or 
leaving the theater while the emperor was singing,'* was pelted with 
turnips at Hadrumetum,** and daubed with mud by order of Caligula 
for neglecting his duly of keeping the streets clean,*' a fitting punish- 

* Julias, 30, j. 

” Jalius, J, S. 0, 9, 11. 

"Julius, 76. 1; pu=sTia™t tamcn cetera facta dictaque ciuj, ut et abusti, 
dr»Tninatione et lUfc ctsus exisiitneiur. 

"Aug,, 13 , a?' 

"Aug., 6o, i, 

"Thus 7i conatabat in eOBnitionibus paids nundlnari pratuiarique solitum 

" Vcsp„ i6i 3. » 


"Vesp., s, a. * 

" Vesp., 4, 4. 

-Vesp.. 4, J! Suetonius's imivc sentence is worthy of a full quotation- 
«im somtm Afn^n, mtegerrime nec sine magna dfgnatbne sdmittistraviL 
n:5t quad Hadronteli sedittofle quadam rapa in com iacta sunt 
*' Vwp,, s, 3. 
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mctit far the offense and one of the flashes of genius of the madman 
who called Livia a ^'Ulysses in petticoatsand dubbed Seneca^s 
style sand witlioiit linie.”“ WTiile Vespasian lurked in rctirenwnt, 
fearful of Kero^'s vengeance for a lack of appreciation of his his- 
trionic talentSp opportunity found him in the form of the war in 
Judaea, w^hich called for an energetic and able leader^ such as Ves¬ 
pasian had shown himself under Gaudius in Britainp and at the 
same time one wdtose humble origin made it safe to trust him with 
a great army. On becoming emperor he acquired the prestige and 
sanctity w^hich svere lacking in a parveniie prince by performing 
miracles/^ but how' little his head was turned is shown by the last 
joke of the inveierale humorist^ uttered on his death-bedp “ Woe's 
me! methinks I'm turning into a god,”*'^ Finally we have the fine 
picture of the sturdy old man struggling to rise and meet death on 
his feet, as an emperor shouldp*® and dying in the arms of his 
attendants. 

Although Suetonius doubtless intended his method to be strictly 
impartial^ and though it would have been more nearly so in the hands 
of a more critical writer, it does not in reality give us a fair estimate 
of the emperors. To realize this we have only to imagine the biog¬ 
raphy of some prominent man of our own day, made up of praise 
and censure drawm indiscriminately from the organs of his own 
party and those of the opposition, and presented with little or no 
comment. So far from accepting his statements at their face value, 
the critical reader will hardly regard the judgment recently expressed 
by Professor Botsford as too severe“in the case of an aiuhor 
like Suetonius the student of history may begin his examination by 
rejecting, at least provisionally* everything that could not have been 
known to the public at the time of its alleged happening or that is 
not vouched for by trustworthy documents. This process of sift¬ 
ing will leave a substratum of facts on which the investigator may 

Califf., z. 

” Calig. sj, 2 . 

. 7pZ. 

*Ve5p., 23. 4 

24. 

Amtr. Jour, of Fhih, XXXIV. p. 88. 
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prweed according to his judgment to build his historical edifice," 
It is one of the weaknesses of Ferrero’s interesting and suggestive 
work, that he now accepts the testimoity of Suetonius and now re¬ 
jects it as mere gossip, according to its relation to his own theories. 

One cannot but wonder somewhat at the freedom with which 
a member of the imperial household” ventured to speak of the em¬ 
perors of the past. It must be remembered, however, that Hadrian 
had no family connection with tile men of whom Suetonius writes, 
and that the failings and vices of his predecessors made the virtues 
of the reigning prince more conspicuous. But consistently with the 
general plan of the work, we find no trace of that contrast of the 
evil days of the past with the happy present which appears in the 
third chapter of the “ Agricola.” We have onl.v the verv moderate 
remark at the end of the Life of Domitian/’ where aft;r speaking 
o the dream from which that emperor inferred a happier condition 
of the state after his death, Suetonius says: - stent sane breve evenit 
abstmentia et moderatione in&eqiienttum principum/" 

Suetonius has been stigmatized as a scandal-monger and a man 
of prurient mind. Tlie former charge seems not to be justified. 
He did. It IS true, collect alt the damning details which seemed to 
htm interesting, but even in the case of emperors like Caligula and 
Nero he is equally conscientious in aasembiing all that can be said 
m their favor. The so-called scandal-mongery is. in fact, a feature 
of the development of realism in the writings of the imperial period” 
and of an interest in all the details of the private life of promi 
nent men. ^ * 

The second eharje Is based in part on the accoonts of the sexual 
iab,ts of the entperors, and in part on the fart that he ivrotc a wort 
On Famon, Courtesan.." The tatter argnment mav he dismissed 
as tincouvneing, stnec the work has ant come dotvn'to u. and we 
have no mean, of knowing how the subjeet was treated The 
former no more eonviet, him of pruriene, than the amusing‘stj,! 
and witbewms winch he ho, diligently collected Justily ns i„ eredit 
tng htm tvtth a seme of humor, in spite of numcroii, indiealion. to 

"The "Cafars” was pulillshed while Suetcml«s was HaifrSstrt' 
apparently in laa Hadrian g Tsecretary, 

-See H. T. Peclc. “Julius and Aubusius," Sulrod.. pp. v ff. 
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the contrarj'-*" In reality these details are presented with the same 
judicial coldness which is characteristic of his work in general, and 
he cannot be called obscene In the sense in which we may apply that 
term to Martial and Juvenal, for example. His discussion of such 
matters is undeniably plain and frank, but it must be remembered 
that the ancient conception of pudicitia was very different front the 
modern one.** Moreover the feeling which to-day leaves certain of 
his chapters in the original Latin or expresses them in veiled lan¬ 
guage is of comparatively recent date. Holland, for instance, in 
t6o6 found no embarrassment in translating Suetonius into the 
frankest English and dedicating his book "To the Right Honorable 
and Vertuous I^dic Harington." 

While it is obvious that we must regard the “Lives of the 
Caesars” more or less in the light of a work of fiction, it deserves 
to he read as our best and most characteristic specimen of Roman 
biography, albeit with an open mind and in a spirit of scholarly 
scepticism. 

“This subject will be discussed at ajiothrr time. 

“ Sec Julies, 4^ t. 


THE CONTROL OF TYPHOID FEVER BY VACCINATION, 

By MAZYCK P. RAVENEL, M D. 

The discovery of the prevention of disease bv the use of atteu^ 
nated cultures of bacteria is due to Pasteur, ivlio, in 1879 discov¬ 
ered t^hat when a chicken was inoculated with a weakened culture of 
the chicken cholera bacillus it became sick but soon recovered and 

Jwf fT 'T 

injury. Following Pasteurs suggestion, those methods bv which 
we protect against disease through the use of attenuated cultures 
are spoken of as. vaednation." and the materials “vaccines” in 
honor of Sir^Edward Jenuer, who discovered vaccination against 
su«lhpox, Pasteur’s bter success in immunising animals 
anthrax by similar methods led to experiments on laboralorv aiLals 
looking toward immunization against tvphoid fever 

™ ^ tw, 

men « 1 th hilled cohurcs of Ihe Dphoid germ, P(ei|I„ k„||, 

m the seme jeer immomeed two men end med. , sob*,,*^ .,1' 

of tlie changes produced in the blood. In 1807 Dr J 

Ibhed the results of bis inoculations made on eighteen men. wS 

convinc^ him thju the method was a practical one in the preVentbn 

of the disease Dr. W right soon after tried it in the British armv 

in India, but the outbreak of the Boer War gave him his first oppor^ 

tunity to carry It out on a large scale* The results were ha^to 

collect ^^curately and o^nions differed greatly as to the ultimate 

success of the method. Dr Wright, however, believed that the ^ 

deuce of the disease was dimiuished about one half and th,* I 

mortality was favoiably iufluenced to even greater extent. 

\\ e now understand some of the reasons for the varying effect 

of the vaccine. At that time the cultures were heated to =. i ^ 

■u.. o, do- C. io ordoi .0 d«..o, .b.i. 
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shown that this amount of heat injures or destroys to a great extent 
the power of the germs to produce a good response in the formation 
of those substances on which the body depends for its protection. 
At the present time tlie cultures are killed b>' heating to 53* C. 

It was tried next on a large scale in the German Colonial army 
during the Hcreros campaign of I904 -kj 7, The reports of this ex¬ 
pedition show that the percentage of typhoid fever among the unin- 
Qculated was almost 10 per cenL, whereas among the vaccinated it 
was only a trifle over 5 per cent Further than this, the figures show 
that 76.01 per cent, of the inoculated who contracted the disease had 
mild or moderately severe cases, with the fatal cases numbering 647 
per cent., whereas only 61 per cent, of the uninociilated had light or 
moderately severe cases, while the mortality reached 12.80 per cent. 
It was further shown that among the vaccinated 60 per cent, of the 
fatal cases occurred in those who had received only- one dose of vac¬ 
cine, 33 P*r cent, in those who had received two doses, and only SJ 
per cent, in men who had received the three inoculations (Russell). 

The value of the method has been made the subject of study by 
a number of commissions appointed by various governments all of 
which have made favorable reports. After careful consideration, 
anti-tj'phoid vaccine was introduced in the United States army as J 
voluntary measure in 1909. The favorable results were so striking 
that in lyi I it was made compulsory for all officers and enlisted 
men under the age of forri'-five years. The most striking example 
of its efficacy is afforded by a comparative study of two bodies of 
soldiers, approximately equal in numbers, living under similar con¬ 
ditions during the same period of the year, and in much the same 
climate, one stationed at Jacksonville, Fla., in 1898; the other at 
fsan Antonio, Tex., during the maneuvers of 1911, At Jacksonville 
there were 10,759 men, with 2.693 cases of illness known, or believed 
to be. typhoid fever, and 248 deaths. At San Antonio there were 
12,801 soldiers with only one case of typhoid fever, which resulted 
in recovery, During the same time there occurred in the city of 
San .Antonio forty-nine cases of typhoid fever with nineteen deaths, 
showing that the infection was prevalent in that community and 
demonstrating that the difference in the incidence of typhoid fever 

PR< 5 C. AHKl, PHIL. SQC ^ LIl. PRINTEtl JUNE 7^ 1913. 
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was almost certainly due in large part to vaccination. As the troops 
had considerable freedom in visiting the city, this conclusion is 
rendered all the more certain. 

Pmparatiox of the Vaccjne. 

The method of preparation varies slightly in different iabora- 
lories, but the following is probably most often followed. 

Pure cultures of the tt phoid bacilJus are grown on planted agar, 
preferably in flat bottles, which give a large surface for culture. .At 
the end of forty-eight hours the bacilli are scraped off and suspended 
in normal salt solution. The suspension is then heated for one hour 
to a temperature of 53* C.. preferably in a water bath, after which 
it is standardized by comparing it with norma] blood. Equal parts 
of normal human blood and the suspension of bacteria are mixed, 
and oftentimes diluted in order to facilitate counting. Spreads from 
the mixture are made on slides, stained, and a large number of fields 
(usually one hundred) examined, and both red blood cells and bac¬ 
teria are counted. The average number of blood cells per field and 
the average number of bacteria per field are then compared. The 
normal blood count is taken at five million red celts for each cubic 
millimeter. Knowing this, it is easy to determine the number of 
germs per cubic centimeter. The vaccine is then diluted with normal 
salt solution until the mixture contains one thousand million bacilli 
per cubic centimeter. If it is to be sent out to physicians in general 
practice, it is better also to make a further dilution of the suspen¬ 
sion to five hundred million per cubic centimeter for the first injec¬ 
tion so that the size of the dose may be kept uniform while the num¬ 
ber of bacteria contained in the dose is varied. The vaccine may be 
preserved for considerable lengths of time by die addition of one 
fourth per cent, of lysol, or carbolic acid. Wlien kept in a cool and 
dark place its properties are maintained uninjured for at least three 
months. 

It is also advised that the material should not be used until it is 
three weeks old, as freshly prepared vaccine apparently is more apt 
to give severe local reactions than that which is older. 
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P0LY\'ALEST VaCCIXE. 

At the present time many laboratories are using what is called 
polyvalent vaccine; that is, one made of a number of pure cultures 
derived from different sources, mixed together in approximately 
equal proportions. Thus, in preparing vaccine for tljc Immuniza¬ 
tion of the Prencli soldiers in Morocco cultures were obtained from 
cases of typhoid fever occurring in that country. Some bacteriolo¬ 
gists also add to the vaccine cultures of the para-typhoids, A and B, 
At the Laboratory of Hygiene of the University of Wisconsin it is 
our in^'ariablc practice to prepare polyvalent vaccine. 

Vincent, w ho has prepared most of the vaccine used in the French 
army, uses twelve different strains. After full growth has been ob¬ 
tained, the bacteria are autolized in salt solution with frequent sliak- 
ing, and killed by being subjected to the action of sulphuric ether. 

Dos.ace. 

In America the dose universally employed is that advised by the 
army. Three doses arc given ten days apart. The first dose con¬ 
sists of five hundred million bacteria, the second and third one thou¬ 
sand million each. The injections are made preferably in the upper 
arm about the insertion of the deltoid muscle, and are given under 
the skin and not into the muscles. The skin is sterilized with iodine, 
and the sterile needle is thrust tlirough the area thus prepared. It 
is customary to vaccinate about four o’clock in the afternoon so that 
any reaction which takes place will occur during the nig]« and be 
practically over with by the next day. 

The use of alcohol in any form is prohibited, as even moderate 
amounts seem to increase die severity of both local and general 
symptoms. 

No special precautions arc necessary and the vaccine does not 
usually interfere w'ith the ordinary vocations of life. Occasionativ 
slight chilliness and even rigors may occur comWned with headache, 
general malaise, and sometimes distinct nausea. Locally, there is 
an area of redness and tenderness, the worst of which is over w ith 
within twrenty-four hours. Suppuration never occurs. 

The vaccine Is well borne by women and children, but the dose 
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for children should be smaller than that given to adults in propor¬ 
tion to their weight, the dose given being tliat proportion of the adult 
dose which the weight of the child bears to the average adult weight, 
namely, one hundrd and fifty pounds. 

Major Russell reports that of three hundred and fifty-nine chil¬ 
dren vaccinated in no case had any bad effects been observed, and 
no case of typhoid fever had occurred amongst them up to the time 
of his report. In approximately one hundred and twenty-nine thou¬ 
sands injections in adults there were only six tenths of one per cent, 
of severe reactions. Of these, three tenths of one per cent, followed 
the first injection. 

The vaccine should not be given to anyone running a tem¬ 
perature. Vincent has shown that in persons suffering from malaria 
the occurrence of a paroxysm is oftentimes precipitated by the giving 
of a dose of vaccine. In the enormous practice in the United States 
army the only serious result which has been observed occurred in a 
man suffering from an unrecognized incipient tuberculosis. The 
rule, therefore, is to be sure that the person about to be inoculated 
has a normal temperature. 


GeneRiVL Application of the Methou. 

It is evident lliat the use of vaccine is particularly applicable to 
armies or other large gatherings of men who arc apt to be in tem¬ 
porary quarters deprived of the Usual sanitary arrangements for the 
disposal of sewage. However, the use of the vaccine has a very 
much wider range than this, being of great value in the suppression 
of local epidemics. A typical case of its use under these circum¬ 
stances will be mentioned. 

A water borne epidemic occurred in Avignon, France, a town 
with a population of 49,000, in 1912. Six hundred and forty-four 
cases with sixty-four deaths were reported, but it is certain that the 
total number of cases reached 1,500. The garrison of the town con¬ 
sisted of 2,053 ™er. Of these, 1,366 were vaccinated; 687 not 
vaccinated. Among the unvaccinated there occurred 139 cases of 
typhoid fever with 2i deaths; while not a single case occurred 
amongst those who had been vaccinated. All lived under the same 


1913^1 


TYPHOID FEVER BY VACCINATION. 


231 


conditions, dr^nk the same waterp ate the same food, and did the 
same work. 

In tlie State of Wsiconsinp the bacteriologist of the State Labo¬ 
ratory^ of Hygiene has administered the vaccine in two outbreaks^ 
one occurring in a county hospital, and the other in a small village. 
At the institution one hundred and six persons were vaccinated. 
One case of typhoid fever occurred amongst those who received the 
vaccine, but within such a short time that St %vas evident that the 
person had been infected before vaccination was practiced. The 
case was atypical and of the mildest type, resulting in recovery p 
showing that the vaccine exercises a favorable effect when given 
dnrmg the period of incubation. Ehiring an epidemic in the to^vn of 
Warrens, Wis,, one hundred and sixteen persons -were vaccinated. 
The epidemic ceased at oncCp and since that time only one case of 
ty^phoid fever has been repotted among the vaccinated. 

The method is of the greatest use in institutions, especiallv hos- 
pitals. It has long been known that nurses were more liable to 
typhoid fever than other people, as the result of direct exposure. 

Dr, Spooner began the inoculation of nurses in the Massachusetts 
General Hospital, and reported that for the first time in the history 
of the institution no nurses had suffered from typhoid fever during 
the year. The practice has, since October, 191a, been extended 
by him to tiventy-threc hospitals in Massachusetts, In all, 1,361 
individuals have been treated. In the same hospitals there have 
been six hundred and seventy-four persons exposed but not vaccU 
uated. Among the vaccinated there have been three cases of t^^phoid 
and para-tyjshoid fever. Among the unInoculated there have bcea 
seventeen cases of typhoid and para-typhoid fever. It h evident 
that a large amount of protection was furnished by the inDculation 
among those especially exposed to the disease. 

In the State of Wisconsin we advise that whenever a case of 
typhoid fever occurs in a family the other members of the family 
shall receive the protective inoculations. It is impossible to give 
exact figures of the Tcsults^ but several very striking instances have 
been reported to us. 
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In Watertown ^■aqcination was advised for the husband of a 
woman suffering from typhoid, and two trained nurses who were 
in attendance. One of tlie nurses refused to he vaccinated, saying 
tiiat she was immune. About three weeks after leaving the case she 
went down with a severe case of ty-phoid fever, and was ill for sev¬ 
eral tveeks. The husband and other nurse remained well. 

The vaccination has been carried out also to a large extent in the 
Kational Guard of Wisconsin. This is still on a voluntary basis. 
In 1912 a large number of troops submitted to the inoculations, bnt 
many refused them. Some of those who declined were taken sick 
with tjTihoid fever soon after reaclttng home. We have not been 
able to trace any case among those who received the full vaccination. 

Another condition in which the use of anti-typhoid vaccine is 
likely to prove of great service is In tlic treatment of typhoid bacillus 
carriers. During the last few years many cases have come to light 
in which individuals have been carrying the typhoid fever germ, and 
have been discharging it from tlieir bodies for longer or shorter 
periods of time; such persons are known as "carriers.” The most 
noted of these cases, “Typhoid Mary" in New York, is well known 
to the general public. Another striking example came to light on 
the steamship Acme sailing from San Francisco. So many cases of 
typhoid fever occurred among the sailors on this vessel that she 
obtained a bad name as the " fever ship," and it was difficult to 
secure good crews. The treatment of such cases has been a puzzle 
to the medical profession, and it seemed impossible to keep these 
persons in hospitals or under quarantine indefinitely. It has been 
found, however, in a number of cases such as those reported by 
Brem, and by Currie and McKeon, that the bacilli rapidly disap¬ 
peared from the discharges of the body after administration of a 
vaccine made from the particular strain of typhoid germs recovered 
from the patient—what is known as an autogenous vaccine. 

There are uineteen cases of carriers recorded in literature that 
have been treated with typliotd vaccine. Fourteen of these were 
successful; five were failures, tlioiigh two of the latter were helped 
for a time. 
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Iti conclusion, I think we ite justified in saying that in anti¬ 
typhoid vaccination we have an efficient method for the control of 
the disease under many and varying circumstances. It can never, 
however, take the place of sanitation, the proper disposal of sewage, 
and provision of safe water supplies. 

Wisconsin State LjiBoiiAToiitv or Hvcienc, 

Maoison, Wis.. April, I9'3- 


THE TREATY OBLIGATION’S OF THE UNITED STATES 
RELATING TO THE PANAMA CANAL, 

By CHARLEMAGNE TOWER. 

(RMd April ip, fplj.) 

I beg Itave to cdl to the attention of the society a subject which 
has been considerably discussed of late, in Confess and throughout 
the country, and cannot be considered in any sense to be neu-' but, 
in spite of this fact, and of a certain familiarity which it has acquired 
in men’s minds from frequent mention, J am inclined to the thought 
that it can scarcely be too plainly or too forcibly brought before die 
sober consideration of the American people,—the international obli¬ 
gations undertaken by the United Stales in the l^ealies relating to 
the Panama Canal. 

The subject of a canal across the narrow strip of land that joins 
the two continents is one, indeed, that is nearly contemporaneous 
with the discovery of America; for its advantages made themselves 
evident even to the earliest explorers and navigators, who, upon 
returning to Spain, in 1528—more than 150 years before AVllliam 
Penn entered the Delaware,—presented to the Emperor Charles V, 
a plan for the opening of a w-aterway through the Isthmus of Pan¬ 
ama; a project that never was lost sight of and which acquired 
greater importance to us, both from our political and commercial 
point of view, after our separation from Great Britain and the estab¬ 
lishment of our independent nationality. 

In 1826, Mr. Clay, then Secretary of State, wrote, in connection 
with a Congress at Panama: 

«il or canal for purposes of navigation somewhere through ilie isthi 
mils that Mitnects lh« two Amcrigas, to unite the Pacific and Atlanlic Oceans, 
will form a jirnpcr subject of consideration. That vast object, if it should 
be ever aceoinplished. will b« interesiwg. In a greater or less degree, to all 
parts of the world," 
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We were not in a position at tiiat tiitie to think of underLakuig 
such a work ourselves, though our government was alive to the 
opportunity and wished to participate in the advantages that would 
arise from a canat; and ^fr. Gay added: 

If the work should ever be executed so as to admit of the passage of 
sea^-vessets from ocean to ocean, the bene6t of it ought not to be exclusively 
appropriated to any one nationp but $hciu1d be extended to all part$ of the 
globe upon the payment ol a just coinpen$atlQn or reasonable tolls” 

The progress of events and the growTh of our importance as a 
nation enlarged the interest of the people of the United States in the 
passage through the isthmus^ which was taken up in the House of 
Representatives in compliance with a memorial from the merchants 
of Xcw York and Philadelphia in 1S39. A resolution was adopted 
by the House that the President should be requested: 

“To consider the expediency of Opening or continuing negotiations with 
the governTnents of other nations, and particularly ^ith those the territorial 
jurtsdlction of which coTnprehenda the Isthmus of Panama, for the purpose 
of ascertaining the practicahihty of affecting a communication between the 
Atlantic and Pacific ^OccanSj by the canstruclion of a ship canal across the 
isthmus, and of securing forever the free and e^tual right of navigating such 
Canal to ah nations/' 

A treaty tvas entered iuto, seven years later^ in 1S46, between 
the United States and the Republic of New Granada* >vhich was the 
first efTective step taken by our government iu the direction of the 
actual transit across tlie isthmus and of our participation, in its con¬ 
struction and maintenance of way* This was a treaty of peace, 
amity, navigation and commerce wdth New Granada, and was con¬ 
tinued in operation by the Republic of Columbia into which that 
state was subsequently transformed, and it is to this agreement, 
entered into by us during the administratioTi of President Polk, 
through an immense amount of negotiation and correspondence that 
has taken place since between ourselves and other gTOVerriments, par¬ 
ticularly those of the Central and South American republics as well 
as threat Rritaiu and Fraucei that may be traced the origin of the 
interests and claims under which the United States have constructed 
the canal and are in control of the territory of the canal zone on 
the isthmus to-day. The treaty extended to the citizens of the 
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United States all the priv'ileges and immunities of commerce and 
navigation in the ports of Xew Granada that are enjoyed by the 
Granadian citiaens themselves, and the govermuent of New Granada 
guaranteed to the United States, *' that the right of way or transit 
across the Isthmus of Panama upon any modes of communication 
that now exist or that may be hereafter constructed, shall be open 
and free to the Government and ciliaens of the United States." In 
return for these favors the United States guaranteed: “positively 
and efficaciously, to New Granada, the perfect neutralitv of the 
isthmus, with the view that the free transit from the one to the 
other sea may not be interrupted in any future time while this treaty 
exists"; and, in consequence, the United States guaranteed, “in the 
same manner, the rights of sovereignty and property which New 
Granada has and possesses over the said territorv," 

Therefore we had acquired a controlling influence at Panama 
which enabled us to play so prominent a part that we might begin to 
make effective plans for the construction of a canal; whether we 
should decide to build it ourselves, or whether the work should he 
done by others, it was quite certain that no canal could be made 
without our consent. We had secured the constant enjovment to 
ourselves of the commercial privileges enjoyed by the inhabitants 
of New Granada, and as New Granada was a weak power wc made 
the stipulation in return for the favors that she had shown to us 
that the United Slates government with its superior strength would 
protect New Granada in her rights of ownership on the Isthmus of 
Panama and would guarantee that she should always maintain her 
sovereignty' over that territory. We failed afterwards to carry out 
our ^reement in this respect; and the protest of Colombia, taken 

upon its merits as a matter of inlcmational law, is very serious,_but 

that belongs to another subject. 

Our attitude was made plain at that time by the message vrith 
which the President submitted this treaty to the Senate, in 1847, for 
its approval and ratification, in which he announced formally the 
policy of the United States to develop tlie communication tlirough 
the isthmus for the benefit of the commerce of the world at large, 

Mr. Polk declared that the treaty did not " constitute an alliance 
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for any political object, but for a purely commercial purpose, in 
which all the navigating nations of tlic world have a comraon 
interest.” 

The ultimate object is to secure to all nations ihe free and equal right 
of (lassage over the istfinius. If the United Stales should first become a 
party to this guaranty, it cannot be doubted that similar guarantees will be 
given to New Granada by Great Britain and France" 

If the proposition shcnild be rejected by the Senate, the President 
said, “ we may deprive the United Stales of the just influence which 
its acceptance might secure to them, and confer ihc glory and benefits 
of being tiic first among the nations in concluding such an arrange¬ 
ment upon the government either of Great Britain or France." 

But, at the time that this treaty was made. Great Britain claimed 
dominion in certain parts of Central America over which she exerted 
authority and of which she was in actual possession ; these were the 
territory extending along the coast of Guatemala, called Belize or 
British Honduras, including an island called Ruatan and other Bay 
Islands, and she asserted a protectorate over a long stretch of X'ica- 
raugua inhabited by the Mosquito Indians, called the Mosquito 
Coast. She had a more direct claim upon and closer personal rela¬ 
tion with the people of Central America than we had,—her occupa¬ 
tion of British Honduras dating back at least to a treaty which she 
made with Spain in 1786. 

tn pursuance of our policy, however, of creating a neutral terri¬ 
tory at tlic isthmus, and of preventing the establishment there by 
any single foreign nation of exclusive control, we proposed, in 1850. 
that Great Britain should unite her interests with ours in order that 
not only the canal should be built upon fair and equitable terms, 
” hut that its construction should inure to the benefit of all nations 
and should offer equal opportunity to the commerce of the world; 
and for this purpose vve invited Great Britain, and she consented, to 
enter into a convention with us with the intention of setting forth 
and fixing the view's and intentions of both governments, with refer¬ 
ence to any means of communicatian by ship canal which may be 
constructed between the Atlantic and Pacific Oceans by tvay of the 
river San Juan tie Nicaragua, to any port or place on the Pacific 
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Ocean.*- This was the Clavton-Bulwer Treaty, which was signed 
at Washington on the nineteenth of April, 1S50, by Mr. John iL 
Gayton, then Secretary of State, and Sir Henry Lytton BoUver, 
British Minister to the United States. By it: 

'■ The Goveninienti of the United States and Gnat Britain declare that 
neither the one nor the other will ever obtain or maintain lor itselt any 
exclusive control over the ship Canal, will not lortify, or wlonite. or exercise 
an>'donnmon over Nicaragua. Costa Rica, the Mosquito Coast, or any part 
of Central America; alscn that neither Great Britain nor the United States 
Will take advantage of any intimacy or alliance that it may have with 
any govemnient through whose territory the Canal shall pass for the pur¬ 
pose 01 acumring or holding any rights or advantages in regard to commerce 
or naviEBtion through the Cattal which shall not be offered on the same 
itritis to the Citizens or subjects of tbc other." 

The treaty having thus provided for the joint action of Gre^ 
Britain and the United States, and having agreed that the two gov¬ 
ernments should give their support and encouragement to any per¬ 
sons or company who might first offer to begin the canal with the 
necessary concessions and capital, the two raniractlng nations in¬ 
cluded in it the following statement; 

'■ The Governments of the United States and Great Britain having not 
only desired, in entering into this Ccmvenlion, to accomplish a parlicvilar 
ob;ecT, but alw to estabhsh a general principlct I hey hereby agree to extend 
their prolectioTi. by treaty stipulations, to any other practicable communica¬ 
tions, whether by canal or railway, across the islbnius which connects North 
and South America, and especially to the intcroceanic communieationj should 
the same prove to be practicable, which are now proposed to be eslabliihiid 
by the way of Tehuantepec or Panama";—it being understood—"that the 
parties constnicting or owning the same shall impose no oiher eharees or 
conditions of traffic thereupon than the aforesaid Governments shall approve 
of .--and that the same canals or railways, being open to the citizens and 
subjects of (he United States and Great Britain on equal terms, shall also be 
open on like terms to the citizens and subjects of every other State which 
is willing to grant thereto such protection as the United Slates and Great 
Britain engage to afford,” 

Thus, the Gayton-Eiilwer treaty became file foundation for the 
understanding between the United States and Great Britain and pro- 
videtl for an absolute equality between them in regard, not only to 
the protection which they united to give to any interoceanic commu- 
nication that should be established, but also formallv declared that 
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both governments should approve of any charges or conditions of 
traffic,—that is to say* tolls,—^which might be imposed, and that no 
$uch tolls should be imposed, in fact, which had not the approval 
and consent of both governments. 

The United States government considered that it had entered 
into an agreemeiu that was both just and equitable toward both par¬ 
ties, as a dehnition of the rights and duties of each and a basis upon 
which the isthmian canal should be built as a benefit to the commerce 
of the world- 

And further* we not only held ourselves to be bound by the stipu¬ 
lations of this agreement* but we called upon Great Britain to sus¬ 
tain her pan of it by a ven^ strict interpretation of the law^ quite 
beyond what the British Cabinet had expected in entering into the 
engagement, and a good deal more than it was willing at first to 
concede^ for we contended that by the provisions of the treaty both 
naltonshad promised not;to make use of any protection or alliance 
which either has or may have with any stale or people for the pur¬ 
pose of fortifying or colonizing Xicaragua* Costa Rica, the Mosquito 
Coast, or any part of Central America, or 0/ assuming or twerdsing 
damimon oz’er the And w^e called upon the British govern¬ 

ment, under this provision, not only not to extend its political influ¬ 
ence in Central America but also to give up such claims as it might 
already have acquired in British Honduras, the Mosquito Coast and 
the islands of the sea. 

This was not at all what Great Britain had uuderstood to be her 
position under the treaty, and Lord Clarendon declared* (1854) that 
the contracting parties did not intend to include within its action 
"either the British settlement in Honduras nor tlie islands known 
as its dependencies,'* that whatever claims or influence Great Britain 
may have had there previously should remain undisturbed,—that 
the only question which might arise in regard to this was one relat¬ 
ing to the boundary line of Honduras*—as to what was British 
Honduras and w^hat was not 

” To this settlement and lh«e inlands the ireaty wc negotiated w'as not 
intended by either of tis to apply,—and the British government is inore 
warranted in this conelu^ion from the fact that ihc Untied States sent a 
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Consul to the settlement, In 1847, which Consul had fectivcd his exequatur 
from the Britiah government which was a recogtiSiion of the Briitsh claim, 

" But, on our side," Mr. Marcy, Secretary of State, declared in answer 
to this, (1856), Great Britain had not any rightful possessions in Central 
America, and at the same time, if she had any, she was bound by the te- 
pr«s tenor and true constriction of the aa>lon-Bulwer Treaty to avacnate 
them, so as to stand on precisely the same footing in that respect as the 
United States" 

This defines our position in regard to the affairs of the isthmus; 
it msists that Great Britain shall place herself upon an exact equality 
with us; that she must give up any claims or privileges in which 
we did not share, in order that we may be precisely alike; but it 
marks also our obligation toward Great Britain,—for whilst we 
idsisted that she should he on ati equal tooting with us, we promised 
that we should be upon an equal footing with her. We won our 
case and England, giving up the Mosquito Coast and the islands, 
came ultimately to our understanding, because of tlie Qayton- 
Bulvver Treaty;—but the provision of the treatv was that; 
neither the United States nor Great Britain should exert any influ¬ 
ence that either may possess, for the purpose of acquiring directly 
or indirectly, for the citizens of*the one any rights or advantages iii 
regard to Commerce or navigation through the said Canal which 
shall not be offered on the same terms to the citizens or subjects of 
the other," 

General Cass said, (1858); 

“WTiat the United States want in Cemral America, nciu to the happine-is 
of Its people, IS the scnirity and neutrality of the inler-oceanie routes which 
lead through n. If the principles and policy of the Clayton-Bulwer Treaty 
art carried into effect, this object is accomplished” ^ 

It is to be observed that there arc two distinct points of agree¬ 
ment which are set forth in this Treaty as well as in all of the 
voluminous correspondence that had taken place in regard to it.— 
which points of agreement have never been lost sight of as the 
basis of the negotiations relating to the Canal across the isthmus; 
namely the neutrality of the canal itself and the absolute equality 
between the United States and Great Britain in connection with it 
We demanded it from the start and Great Britain has acceeded to 
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our demand with that principle in view* which has never been 
changed. 

She was willing to join with u$ m building the canal, or she was 
willing that we should build it alone. And when after a gocxi man>* 
vears of delay we announced to her that we were in a position to 
undertake the work, and we made suggestions to her Looking to that 
result, she agreed to make a new treaty with us, to supersede the old 
one^ in order that the intended benefits might be secured and the 
w ork should progress. 

The new treaty was signed in November, 1901, by Mr, John Hay, 
Secretary of Slate, and Lord Pauncefote^ the British Ambassador, 
whence it lias since become wddely knowm as die “ Hay-Pa uncefote 
Treaty;" 

By this contract the two powers 

Being deshoti$ to facilitate the constnjction oIl a shlp^canal to connect 
the .‘Atlantic and Pacific Oceans, by whatever route may be considered ex¬ 
pedient, and to lhat end to remove any objection which may arise out of ihc 
Convention of the nineteenth April, commonly called the Gsyton- 

Bulwcr Treaty, to the eonslTudi&ii of such canal under the auspices of the 
Government of the United States, withont impairing the ' general principle/ 
of Tieutralizaiion established in Article VIIL of lhat Convention, agreed that: 
The present Treaty shall supersede that of April 19, iS^so. That the canal 
may be constructed under the auspices ot the Government of the Linited 
States,—and ihat^ subject to the provisions of the present Treaty, the LTnitcd 
States shall enjoy all the rights incident to its con$trqchon, as well as the 
exclusive right of providing tor the regtilaijon and managenient o^ the canal. 
And, in order to make plain the understanding between ourselvea and the 
British Government ivith w^hom we were dealing, we made this speciEc slip- 
Illation : ( Article 11 U) ^ 

** The United States adopts, as the basis of the neutralization of such 
ship-canab the Rules, aubslantlally as embodied tn the Convention of Con¬ 
stantinople (28 October, 18SS), for the free navigation of the Suer Canal* 
that is to say: 

** ]. The Canal shall be free and open to the vessela of commerce and of 
war of all nations observing these Rules, on terms of entire equality, so that 
there shall be no discrimination against any such nation, or its citizens or 
subjects, in respect of the conditioni or charges o£ traffic, or otherwist" 

This is not an obscure s^ubjecl. It is a treaty into which the 
Utiited States entered opetily and freely with Great Britain,—a treaty 
based upon all lhat had gone before, both in our correspondence and 
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our engagements under which Great Britain placed herself and her 
interests upon an equality with us and with our interests in Central 
America. The situation is one that we have created for ourselves. 
It is not a question as to whether we made a good bargain or a 
had one, but it is a matter of the greatest importance to the American 
people that the Government of this country shall fulfill its engage¬ 
ments and carry out always and in ever}’ particular its international 
obligations. 

FeILADELPHIAp 
April l7i 1913. 


A COUNSEL OF PERFECTION: A PLAN FOR AN AUTO¬ 
MATIC COLLECTION AND DISTRIBUTION OF A 
STATE TAX FOR HIGHER EDUCATION. 

By J. G. ROSEN GARTEN. 

{Rfad f-, 

The example of the western state imiverstties suggests a similar 
organization for other states. Here in Pennsylvania the Univer- 
sitVp dating from 1740, when under the inspiration of Wliitcfield* the 
plan of a school was first mooted, has outgrown its modest endow¬ 
ments. Biennially it goes to the legislature to ask help to carr>’ on 
its work. In the interval it appeals to it$ ahmini and friends for 
lielp to meet its pressing ncedSp higher salaries, a larger teaching 
force^ and more buildings and appliances for its multifarious edu¬ 
cational needs. 

What is true of the University of Pennsylvania is true of all 
other universities and colleges of Pennsylvaniap and of the East and 
South, and no matter how' large their endowments and income, each 
and all require more money to keep pace with the growing expenses 
of higher education in the modern university. 

It needs no apolog}^ to broach the matter here, for Franklin 
founded both the American Philosophical Society and the Univer¬ 
sity of Pennsylvania. In fact after the Revolution the charter of 
his College of Philadelphia was taken away, and a Charter given to 
the University' of the State of Pennsylvania, and the constitution 
affirmed the duty of the state to help it. Later the charter of the 
college was restored, and still later the college and the university 
were united in the University of Pennsylvaiua, and it has grown to 
its present great estate under that charter and that name. 

From time to time the state has aided it, and private munificence 
has enabled it to provide the splendid buildings in which it is now' 
housed, with College and l^aw and ^ledicai Dqiartmenis, and to 
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maintain tht Tovvne Engineering: School, and tiie Wharton School 
of Finance and Economy, and the Zoological and Dental and Uctcr- 
inary Schools, and a long list of endowed Professorships and Fel¬ 
lowships and Scholarships and prices. With all these, and the other 
resources of the university, there is still an annual deficit which 
must be met. To do so would require an additional endowment 
sufficient to provide an income of half a million dollars to meet the 
needs of the university, How’ to provide this is a question that Eases 
the university authorities and esacls time, thought and anstety of 
provost, trustees, faculty anci ahinini. when they ought to Ijc free to 
give attention to the work of instruction and to raising the standard 
of education in all its departments. 

Illinois, Indiana, Iow a, Alontana, \\'isconsin, are among the west¬ 
ern states which have state universities. In their state constitutions 
provision is made for an automatic assignment of a sniail part of 
the state taxes for their support. Thus all appeal to the state legis¬ 
lature for support is made imnecessary. In Wisconsin, and in many 
other universities, colleges, etc., the United Stales I^nd Grant is 
made pan of the endowment of the state uiriversiiy, and for agri¬ 
cultural and technical schools, Iowa has recently pul all its educa¬ 
tional institutions under a single governing board. All the ivcstern 
universities have Out of the increasing wealth and revenues of their 
states provided incomes growing in proportion to their needs, and 
their activities keep pace witli them. University extension lectures 
caTf}' their teachers to every j>art of their state, and every branch 
of education is fostered under intelligent guidance, with university 
men spreading the influence for higher and better education. 

A constitutional convention is soon to be called in Pennsylvania. 
There a plan should he formulated, submitted and discus.sed for a 
reorganization that may strengthen in.^titulions of higher education 
in Pennsylvania. The plan anfl method of securing autoniaticaltv 
a portion of the state revenue for ihe purpose of education are now^ 
in force in iwenty one slates, so that there is little novelty in ihe 
idea, for it has been in practical operation In all of them, with vari¬ 
ous differences, and yet almost uniformly successful results. Only 
recently, in acknowledging a paper on German rniversslies. lhal 
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Keslor of both American and universilicSj ihe Hon, Andrew 

D, White, of Cornell, wrote : 

"It doing a dtity tc^ the country TO tall attcntiDn lo tht eviU caused 
by the scattering of resources among so large a number of insthutfons bear¬ 
ing the name of ' University: 

" The worst affliction of our whole caisting system is the fact that such 
a multitude of institutions which ought to be called 'Colleger' are preiefuling 
to do University work, while they are in no condition to do the duties worthy 
of that name. 

" What the country' needs is a concentration upon i smaller number of 
Universities, with a large number,—no matter how large indeed,—discharg¬ 
ing a function akin to that of the ^ Gymnasia^ in Germany^ which might very 
honorably be called * Colleges.^ An example of 3 better practice may be 
found in, some parts of New England^ where institutions, some of which 
were up lo a recent tame called * Uiiivcriitics,' have become frankly * Col^ 
leges' 

“We are about to have Universities which will give us high rank 
Throughout the Woridp and among them especially the State Universities of 
the West, as well as some that have been established upon large foundations 
ill the eastern part of our country. 

"As to the Western State Universities, their progress is simply amazing. 
There has been developed an honorable pride iu them by their respective 
Slates, and this has been deepened by a very honorable rivalry between 
sundry commonwealths, as for example Michigan. Wisconsin, and Minnesota, 
which ha^ resulted in a magnificent fruitage. 

** While the standard of scholarship is kept deplorably low in some of 
the smaller Universities, it has been steadily rising in many pf the better 
endowed institutions. The increase of lectures by distinguished foreign pro¬ 
fessors at various American I'niversitles of the better sort, will be pn^uctivc 
of great good. Cornell, for example, \i about to have an extended course 
of lectures on American Hlatoryp by a renowned Oxford Professor upon 
I he Goldwiu Smith Foundation. Who would not gladly exchauge ou r scat^ 
icrcd flock of Universities and CollcgEs, running up into the hundreds, for 
the twenty two Universities of Germany?** 

There too the important citiesi of Hamburg and Frankfurt are 
about to coordinate aii their existing instiuitions of sciencop art and 
literature, into great metropolitan nniversities, retaining all the use¬ 
ful elements of successftil and thorough education and trainingp and 
elevating the standard of work. 

Against the twenty-four tmivcrsitieSp and nine technical schoolsp 
of Germany, the last report of the Commissioner of Education of 
the United States reported nearly five hundred universiltes and 
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colleges for menn and one hundred and thirty for womeUp and over 
one hundred and filty technical schools, nearly one hundred law 
schools, and proportionately numerous medical, dental, pharmaceu¬ 
tical, and other allied special schools. With this enormous dis¬ 
parity in numbers, it i$ easy to see ^vhy the German schools and 
nniversities do their work thoroughly and well. 

The state regubtions and examinations for the har and for 
medicine and various other professions and employments, show the 
need felt for something more than the diploma of university, college 
or technical school. 

A state university, representing, in its government, all the insti¬ 
tutions of instruction in education, in all its varieties^ general and 
technical, w'ould give strength to each and all of the schools affiliated 
with it, and its degrees, awarded on their recommendation, would 
be greatly enhanced in value. 

The first step in Pennsylvania would be to lake advantage of 
the proposed constitutional convention, and introduce into the new 
state constitution, 

Ffrjh—Provisions for an automatic appropriation of part of 
the revetiuc of the stale, to higher education, to be distributed in 
the maintenance of a University of the Slate of Pennsylvania, and 
allied colleges and lechnical schools, thus going back to ihe wise pro¬ 
vision of the Constitution of 1779. 

Se^Qnd .—Legislative power to strengthen anti increase the power 
of the College and University Council, with the Governor, the Sup¬ 
erintendent of Public Instruction, the Attorney General^ State Offi¬ 
cers,.ex officio, and the presidents of the University of Pennsylvania, 
Pitlsbnr^, I^high, Bucknelt, and of Washington, Jefferson* State* 
Franklih ^ ^larshall and other colleges and other institutions, the 
members- 

7 /u>d,—^To give that board power 10 distribute the state educa¬ 
tional fund among the stale universities. toHcges^ technical schools 
and other institutions of learning* science and art, on such terms as 
to numbers of teachers and students* standards, and other conditions 
as may be prescribed by the college and university council. 

Fourth.—To make all universities, colleges, technical schools and 
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institutions for higher education, branches of the universitj^ of the 
sUtte^ retaining their names, organization, endowments, elc.^ but 
rec|uiring annual returns of all the details of numbers, income, work^ 
elc.+ on a niiiform basis, with provision for inspection, audk^ exam¬ 
ination, so thorough that the highest standard of efficiency may be 
secured and maintained, under the penalty of losing any claim to 
the income from the state education fund; the council to have the 
right and privilege of approving and recommending the degrees in 
course conferred by the university and other universities and colleges 
of the state, with power to revoke or modify charters of any affiliated 
institution for cause. 

fifthr — The college and university council to have [xuver to con¬ 
solidate existing institutions working in one district or multiplying 
the work that could be better done by one strong institution, thus 
giving to the slate one or more medical, legal, technical or other 
schools, in lieu of an unnecessarily large number of small schools, 
weakened by competition. lessening standards, and not really serv¬ 
ing the Slate, ow ing to insufficient means and inefficient methods. 

iS'i'.r^^i.—Uniting with the state university, libraries, university 
extension w ork, scientific and art and technical schools and museums, 
in such a way that all nnneecssary duplication may be prevented, and 
higher education ensured through uniform grants from the state 
educational fund. 

Si*vcfith .—The college and university council to have the inspec¬ 
tion of the normal schools, in such a way as to unite in close se¬ 
quence the methods of education, from the public and private 
schools, the ncmial schools, etc., through the colleges and technical 
schools and up to the university. 

Twenty stales have made provision in their consliiutions for 
aiitomatk collection ami distribution of a small part of ihe revenue 
of the State lo aid in the work of education of its people, and Penn¬ 
sylvania should make similar provision in iis new constitulion. It 
would increase the efficiency of its institutions of learning, relieve the 
legislature of a task which is no part of its proper duty, free the 
trustees and officers and faculties oi our universities and colleges 
from tile nccessily of going to the legislature and the governor of 
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the comjiiouweaUh, §ive them a ri^ht lo a patt of the state revenue 
thus set apart for education, elevate the standards and enhance their 
efficiency, by allying them with the University' of the State of Penn- 
svlvania, and give their degrees a position recosnized through the 
state and beyond it. 

This may be a connsel of perfection,^ but none the less well worth 
discussion and careful consideration by the American Philosophical 
Societyp true to its purpose of promoting useful knowledge. What 
can be more useful than to know how best to bring to bear on edu¬ 
cation the means and methods of securing that which is best fitted 
to prepare men and w^omen to be good cidzens, to teach them all that 
is necessary, to seciire them the best schools for every profession 
and occupation, and to reform existing institutions of learnings so 
that they may do the greatest good to ilie largest number ? 

Make the state supply from its plethoric treasury^ the money 
required for higher education, as it does for secondar)^ and elcmtti- 
tary schools^ and then the disiribution may be safely put into tlic 
hands of the state's college and university council composed of 
state officers and the representatives of the universities and col¬ 
leges and technical schools. Among them will be found men who 
will sec that the staters money is well spent, ivith a proper distribu¬ 
tion bctiveen buildings and maintenance, salaries and expenses inci¬ 
dental lo instruction. 

ITie stale wilt supply througli its e.r-Qffido members and its 
trained inspectors due protection against undue exfienditure of any 
kind. 

The state college and university council may properly insist that 
wdierever money is given for any special purpose, it shall be enough 
to provide for future maintenance, and not he, as it too often is the 
case today, a burden on income. There are plenty of reforms in¬ 
cidental to a reorganization of our institutions of learning, that will 
need the careful consideration of the state college and university 
council A few years will serve to show how unnecessary' dupli¬ 
cation of work can be prevented, how neighboring colleges can be 
united into one strong college, how technical and professional schools 
can be strengthened by reducing their number, and increasing their 
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frfftciencVj how an exchange of professors may l>e systematized to the 
advantage of teachers and students, and how the standard of educa¬ 
tion may be raised. 

Afuch will be done by the teachers themselves, and there can be 
no better inspiration to improve methods than to draw from the 
great body of men trained in the work of education, the results of 
their experiencen Of course there will be impracticable suggestions 
and unworkable plans proposed, but those vt ill alt !>e submitted to the 
trained and experienced members of the State college and university 
council, and after full discussion^ their judgment will choose the 
good and reject the bad. Plans and methods of teaching ^vill be 
entrusted to experienced teachers* and the profession will rise in dig¬ 
nity and importance^ as the work shows the good results of their 
experience, knowledge and ability. All this and much else can be 
accomplished if the new constitution of Pentisylvania niake^ the 
business of ediicaiion a matter of state support and slate government. 

Andrew D, White, that Xestor of Higher Education in this 
countrVp first president of Cornell University, and always its in- 
spiration, read a paper on “Advauce<l Education/" before the Na¬ 
tional Education Association at Detroit, in 1874. Urgent arguments 
arc brought forward for a rcor^tiization of American universities 
and colleges and technical schools as part of the work of the state. 
Dr. White urges the necessity of careful public provision by the peo¬ 
ple for their own system of aclvanced instruction as the only re¬ 
publican ami democratic method. Public provision, he said, is alone 
worthy of our dignity as citizens. It will stimulate private gifts 
and free them from the dogmas of living donors and dead testators. 
The tiucleus of Cornell University was the national land grant, 
which has been supplemented by an increasing flow of private gifts 
to the endowment. 

The state of 'Michigan made the national land grant the founda¬ 
tion of its great university, and has added to it from time to time 
with the best results. It has thus strengthened the whole system of 
public education throughout the state. The national grant and the 
state grant together have thus been unitetl to make a great university, 
and provide the endcnvment of advanced instruction, and to coordi- 
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nate eclucatiori from th« priiiiary school to tht! highest technical and 
scientific and classical and collegiate and professional training 

Such an example and that of twenty otlier States all point to 
the l>est way of meeting the getteral demand for a more regular 
and thorough piibLic provision for advanced education, not through 
appeals to legislatures, to be subject to all the risks of overtaxed 
public bodies^ but by a constitutional provision for a fixed, though 
small, percentage of the income of the Stale to be set apart for 
higher education and for all branches of education that ought to he 
maintained at the public expense^ to be expended through the college 
and university council^ made up of state officials and representa* 
lives of universities and colleges and institutions of advanced scien¬ 
tific and technical education. Established by law in 1895^ it only 
needs increased power to do its best work. 

Well directed public bounty^ as President While says, stimulates 
private bounty. Generous men and women* seeing that the cur¬ 
rent needs of such institutions were provided by stale revenue, would 
gladly give freely and largely for such special additions as may 
appeal to them. The alunini of universities will find new inspira' 
tion for their acliviiy in giving^ advising, and encouraging the 
growth and prosperity and advaiiceinent of their alma maier* 
Thus, nation, state, alumni and individual grants and gifts would 
l)e united to slrengthcn slate institiilions and enable them to give 
the highest literary, scientific and industrial instruction 

The same trend of ediicate<l opinion is found in other publicalion 
of the highest authority. In the 44th annual report of the Smith¬ 
sonian Institute, that for 1SS9, Professor Herbert B. Adams s paper 
on the state and higher education gives the strongest facts and 
argiitncnts in support of slate aid. He |>oint5 oul that in colonial 
days Maryland began her educational history^ by paying a tobacco 
lax for the support of William and JJary College in V irginia. V'er- 
mont appropriatetl a township of land for Dartmouth College 111 New 
Hamp&htre. Xcw Haven sent corn to the support of Harvard. lu 
later times ;Mithigan gave to the university One twentieth of a mill 
tax on every dollar of taxable property : Wisconsin one eighth of a 
mill: Nebraska three eighths of a mill: California oue tenth of a 
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mill; and now the same mle holds in so many stages that it may be 
<kscribed as the normal basis for &tatc aid to higlier education. 

In the proceedings of the National Education Association there 
arc abundant evidences that ihc leading and recognised authorities 
on education in this country take the same view. 

In the report for 1900, President Swain, then of Indiana Univer- 
sit}, now of Swarthmore, gave a sketch of the history of the pro 
motion of higher education hy the state from early times until the 
present. He gives forty-five as the number of colieges and univer¬ 
sities supported by the state, and points to seven representative state 
universities—California, Illinois, Kan^a^, Michigan* Minnesota, 
Xebraska, Wisconsin. 

President Beardshear of Iowa State College of .-Agriculture, said 
there were 64 colleges or departments inaugurated by the Act of 
Congress of 1S62. making land grants for the establi,^hmeni: of 
schools for niechanica! and agricuilura] instruction. 

Again at the National Education Association meeting of JuK\ 
1901, President Jesse of the State University of W^isconsin, read a 
paper on the Function of the State L-nivcrsity/'^ He points out 
the opportunities for collaboration witli state boards, bureaus and 
comiiiissions, with a view to serioiis study of social and economic 
conditions. 

Today and in and by our own university much is done for the 
state and the city, but as a matter of grace; make it the university 
of the slate, and sta^ city would ask for help as a mailer of 
right. Social and econotnical and legal problems would be attacked 
and solved^ By cooperation with boards of education and state and 
local superintendents^ the university would help to build up schools, 
from priniar}- to normal, by trained inspectors, skilled examiners, 
lecturers, practical teachers. Colleges and higher technical schools 
should be brought into union vvith the tiniversity, all w^orking towards 
the common end and aim, the best education of the largest number. 

The university of the state should be in close touch with alt the 
state boards, bureaus and commissions, the geological surreyp the 
bureaus of health, education* forestry, mines, industries, all the 
innumerable functions and activities of the state. The university 
should help in the preparation of tawi. governing taxation, every' 
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day^ growing more complex, and in every form of economic instruc¬ 
tion, for the benefit of the state in legislation, and of the plain 
people. In Pennsylvania, mining, metallurgy', manufacturing, for- 
light, heat and power, are among the living issues tlial require 
sound legislation and to prepare it should be one of tire functions of 
the university' of the state. 

The United States Bureau of Education publishes annuallv a 
Bulletin of Statistics of State Universities. These include a direc¬ 
tory' of state universities and other state-aided institutions of higher 
education, noting specially those endowed by the federal government 
under the Morrill Land Grant Acts. These numbered 87. besides 16 
agricultural and mechanical colleges for colored students, in the list 
for the year ended June 30, 1912. There are tables showing the 
teaching force, the student enronment, the property and income of 
the 87 state universities and state-aided institutions. 

State universities and state-aided institutions of higher education 
included in this list, corrected by figures of Professor ^^aphts' Re¬ 
port. are as follows; 


Ancona ...._ 

Cdilamia 
Colorado +1 +1 - * 
lllmais . + 
Indii^ra 

Iowa .. 

Kwitucky ..... 

Michigan ...... 

Minnesota .... 

Nebraska . 

Nevada *__ 

New Mexico .. 

North Dakota . 


Ohio . 

Texas _.... 

Ulab . . 

Utah. 

.... 

Wyoiiijtigf ..... 


I fivni 


MSI Tam, 

1- + . j/j of a mill 32^000 

4 i. +, too of a mill /^OjOflO 

+... j /5 of a miU 323,000 

^... 3 mills 

-i/ioofamil] irtiOOD 

-1/8 of a milt 

.... i/2 fjf a milt 
( 3/8 of a mill 

\ i/m of a mill i-jjooo 

..... lOo of 3 iTi]ll 

.... 1 milt lax rate JttoQo 

.... 1/2 mill tax rale 


+ 65A0O mil] tax Tate 

( 1/5 mill tax rate 
( 33/100 Tiiill lax rate 
f ^ 17/2000 mill lax rale \ 

-.■j - 107/31OCX1 mill tax rate 54 o,[>D 0 ^ jSa^ooo 

( (. 17/2C100 mill lax rale \ 88,000 

+ i.. 2-3/4 p. c. ^ross revenue gf state 
....7.^ p, c. of 4-1/2 mills on the dollar 
.... 1804 p. c. of 4^1/2 mills on the dollar 
--.-3^8 mil] tax rate 66J.000 

.... 1/2 mill tax rate ij™ 
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President James of Illinois State University says the legislature 
oi ILLinois at Us last session (1912) passed a law providing that a 
tax of one miU for every dollar of assessed valuation should l>e 
levied for tlie support of the university. This will give about two 
and a quarter million dollars per year, available July 1,191J. Owing 
to the provision in the constitution of Illinois that the legislature 
mav not make appropriations for longer than two years, the legisla¬ 
ture must appropriate at each session the money represeuted by this 
mill tax and labeled for the support of the University' of Illinois- 

Michigan and Wiseoiisiii provide for the levying of a certain 
so-called mill tax. three eighths or four fifths of a mill, the proceeds 
of which are turned over to the board of irustces of the beneficiary 
institution. 

The statistics of stale universities and other institutions of higher 
education partially supported by the state for the year ended June 
30, 1912 (Eulhtin^ 1912, No, 33) p give a great many details, among 
them a table of property and income of state universities and other 
state-aided institutions, showing that there were paid— 


To the UmvcTsity of California -- 

fty ihE Siaie, 

1,124,506 

By ili« UtHicU 

SlaEii. 

da.oDD 

To the University of Indiana --- 

_ [,9iSjgoa 


To the University- of Minnesota ..... 

.... 2,514.71^ 

^ODO 

To the University of Missouri -... 

.... 610439.3 

7 ^B 75 

To the University of Nebraska ...... 

.... dsi^iS 

Sojooo 

To the University of Comeh ........ 


7 - 2.000 

{ Ohio University J 

Ohio-{ Ohio Stale Univer&iiy j-...... 

.... 1.13^1,778 

mooo 

1 Miami University 1 

To the Universty of Wisconsin ...... 

.... I. 55 J .393 

f^b.OOO 

The same table gives the receipts 

froTii the milt 

tax and other 


sources of some of the states^ as follows: 


Colorado (4 instilutioTis) 
Indiana (2 snatitutions) 
Iowa instkutions) - - 

Mkhfgan {2 ansEitutiona) ** 

Minneiiota 4. - - - - - -- - - < ^ 

NcbrZ&ka . . . . ... . 

Ohio <3 in&titvtlonsl , . 
South Caroh na ,. + ^ -- - - 


406,0$^ 

23 WS 04 

407,300 

.t 74 ,l 63 

4S0v82« 

lUtiJ 
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rso^GOo 


Wisconsin ... 

3r Omin^ . . . . . . ... ■R^OOO 


The same table gives among the many private benefactions to 
those stale-aided universities: 

California .... 566,000 

Nevada .. . ..1- - - - ----^^ ^ 150,000 

Cornell ------- 1^,1 N 

The records of these Sj state-aided institutions confirm the belief 
that private benefactions will continue to suppleniciit in generous 
measure the state-aided institutions just as these show by their re¬ 
sults that they arc entitled to indiv'idual as ivtll as slate help. 
Pennsylvania expended in 1912 for— 

Dei>aTtment expense* .. 4.072.5^-^ 

Expense of government ... joaroS 00 

Commissions ...... ^ 407.900.00 

State ijislitulions ...... 

Penitentiaries and refotnialo rtes ..... _ 544,J7S 60 

Semi stale institution* ..^5,75000 

EdueatiMsl ..I"" S, 737 ^J 0 o 

Hoipit^Ts 3,683^5 c,,o(, 

Home-s and other charitable institutions . 5J6e,joo.oo 

MisccIlanwHi . r,0S^5c»’(» 


5^. l9a.?6j-36 

If the appropriations for education were made bv the college and 
iiniveriity council and those for forestry, mining, *ctc., by boards or 
comniissioiis on wliicb were the best experts from the universities 
and colleges and technical schools and museums, men of scientific 
attainments, the result would be economy in cost and iticreased effi¬ 
ciency. 

It ought not to be difficult to fix a mill tax for higher education 
and to devise a plan by which it should be automatically collected 
and set apart and distributed by the college and university council 
in Such a way as to do the greatest good to the greatest numbers, and 
at the same lime invite a continuance and increase of the indi¬ 
vidual munificence so characteristic of Pennsylvania. 

A bill was presented to the Legislature of Pennsylvania in March 
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for an automalic distribution of the aid which the state accords to 
hospitals and cliarilable institutions; if passed^ it would eliminate the 
methods characteristic of the distribution of state funds b}' the legis¬ 
lature for purely public charities. 

Another bill provides for a cltarities bureau in tlie Department 
of the Auditor General to carry on the duties imposed on the Audi¬ 
tor General and tfie Slate Board of Giarities. 

The purpose of these blits is to jnakc autonmtic distribution of 
state revenue to and among hospitals and charities doing the work 
for tht people of the state, on the basis of services rendered^ and a 
method of full returns of receipts and expenditures^ with power by 
inspection to correct extravagance^ and to compel economy in cx- 
l^nses of maintenance, and to prevent unnecessary duplication of 
institutions, but to retiuire of them steady improvement and constant 
advance in methods and results. 

The growing interest and general demand for the mill tax for 
the support of higher education arc shown in recent reports, that 
for A^irginia by Professor Charles D. Maphis, of the University of 
Virginia; that for Texas by Professor Arthur Lefevre, of the Uni¬ 
versity of Texas, and that for Ohio by President Alston Ellis, of 
Ohio University, That for Virginia is the report made by a com¬ 
mission to devise a systematic method to meet the demands of higher 
educational institutions, to prevent educational duplication and con¬ 
sequent financial waste, and to devise stable and systematic methods 
for the maintenance, management and expansion of these Institu¬ 
tions, The report recommends for Virginia one medical school, one 
polytechnic school, and one university, and a permanent education 
commission \v\Xh power to cooperate with the governing bodies of 
all institutions of higher education in Virginia through repre¬ 
sentatives. 

Professor Maphis has collected and printed the opinions of rep¬ 
resentatives of the universities of California, Wisconsin, North Da¬ 
kota, Minnesota, Kentucky, Michigan, Iowa, Illinois, and of the 
experts of the CaiTiegie Institute for the Advancement of Education, 
of New York, and of the Bureau of Education of Washington. 

Based oti these ant! other evidence, Virginia is advised to adopt 
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a mill tax for higlier education and with and through it to reorganize 
its institutions of higher education so that they may grow with the 
grovvtli of the state and with its income and make return in increased 
work for the state and its peufilc. 

In the college and university council of Pennsylvania the state 
has a capital piece of machinery for the distribution of the proceeds 
of 3 state mill tax for higher education. In that council there are 
the representatives of the state, the governor, the attorney general, 
and the superintendent of public instruction, and of the universities, 
Pennsylvania, Pittsburgh, Lehigh and Buekneil, and of the colleges, 
Washington-Jefferson, State, Franklin & Marshall, and an eminent 
citizen representing the Catholic institutions of higher education. 
With such men that council could be safely entrusted with power 
to make a distribution of any sum raised by a mill tax. so that it can 
be distributed to the greatest advantage of all the institutions of 
higher education in Pennsylvania. 

The last report of the Superintendent of Education gives a list 
of six universities, twenty-nine colleges, four law schools, four 
dental schools, three pharmacy schools, thirteen normal schools and 
seven technical schools in Pennsylvania. 

The stale has created many examining boards for law, medi¬ 
cine, pharmacy, dentistry, veterinary candidates, osteupalhy, account- 
ants, and boards for the geological and topographic survey, vaccina¬ 
tion, health, mining, etc., and all of them might well be affiliated with 
the college and university council, which could designate university 
and college experts to carry on the work. 


CLIMATIC AREAS OF THE UNITED STATES AS 
RELATED TO PLANT GROWTH." 

(FSat« IX. X. and XI,) 

Bv BURTON EDW ARD LIVINGSTON. 

{Read Affii it, 1913 ) 

Introduction. 

The climatic factors which generally detemtine whether a given 
kind of plant may or may not live in a certain locality are to be 
divided into two groups. The lirgt group comprises those factors 
which tend to increase or to decrease the moisture content of the 
plant bod}* They may be termed the moisture conditions of the 
environment. The second group Includes the climatic factors which 
tend to raise or to leaver the lemperatiire of the plant. These are 
the temperature conditions. A third group of cliniatic factors in¬ 
cludes those tending to increase or decrease the insolation of the 
plant and hence to promote or retard photosynthesis in green tissues, 
by wliich carbon dioxid and water are decomposed with the formation 
01 molecular oxygen and carbohydrate. With these light conditions. 
howevLTp climatic plant geography lias as yet but little to do and 
this group will not receive attention in the discussions which follow^ 
Before plant geography can pass beyond its qualitatively descrip¬ 
tive phase, the moisture and temperature relations that obtain be¬ 
tween plants and their surroundings must be subjected to examina' 
tion much more quantitative than has heretofore been attempted. 
As in other similar instanceSp definite knowledge of this complex 
set of relations can be reached only through measurements of the 
things that arc to be related- It thus appears thatp for those chap¬ 
ters of plant geography and of scientific agriculture which have to 
do with climatic conditionSp it will presently be found requisite to 
"Botanical contribution from the Johns Hopkins University, No, 32. 
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measure both the plaiit^j dealt with and their eiivlroniiicntal condi¬ 
tions. Since botii plants and their surroundings are always chang¬ 
ing, it is cssentiat that our nieasurements lake tlie form of summa¬ 
tions or integrations. It is tliereiore first inciitnbent upon us to find 
means of integtating or smtiming the various Ruetuating conditionSp 
within and without the plant body, that determine the development 
of the organism and that decide whether il can eNisi at all in any 
given set of surroundings, 

MeasuTement and gnrnmation of conditions within the plant. 

Onr very meager knowledge of plant dynamics ivonld retider 
quite hopeless, for the present, any atternpt to integrate ihe qualities, 
intensities and durations of physiological processes, were it not for 
the fact that the plant itself furnishes at any inslant a very clear and 
unequivocal summation of the effects of all the processes which have 
gone on in its body during its previous developmenia] history. Tills 
fact furnishes the criterion by wliich comparisons have usually been 
made between the growth processes of different kinds of living 
things^ The amount of growth accomplished during a given time 
period may he delennined by w‘eighing the crop or some portion of 
it, a nietliod commonly Iti use in agricultural studies. Another 
method, employed mainly by phenologists, has been to determine the 
length of time which may elapse during certain developmcmal 
phases of the organism. Thus may be determined the length of llic 
time period that intervenes between seed germination or the first 
sw'clling of lead buds, and Rower production or the ripening of fruits. 
Still more simple and more easily applied is the method which merely 
determines whether or not given plant forms are able to cariy^ out 
their life cycles under the environmental conditions of certain locali¬ 
ties, For the positive answer lo this question mere observation fre¬ 
quently suffices, for its negative answer, experimentation, or at least 
instrumenlation, is necessary. If a plant form is observed as tliriv¬ 
ing year after year and generation after generation in a certain 
locality, it is, as has been meEitioned elsewhere, no less than redun¬ 
dant to poml out this as an adaptation; but if ilie given form is 
not to he observed in this locality, the mosi direct and fitial wav to 
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determine whether or not it can thrive there, \s actually to make the 
cxperi mental test. 

Frequently a simple inspection of the plant dealt with, or tlie 
approximate measurement of certain of its characteristics^ may 
suffice for an indication of its ability to withstand the \vater-wdth- 
holding or water-extracting powTT of the environment. Thus, it has 
long been appreciated that the ability of a plant to thrive unrkr arid 
conditions is often indicated by its observable physical structure. 
Tile pow er of an organism to withliold moisture from an arid environ¬ 
ment seems to be closely, and usually directly^ connected with struc- 
tiiral characters which can be recognized at sight, and, on the basis 
of this principle, ecologists have classified plants into xerophytes, 
mesophytes and the like. Of course this classification must be sub- 
jected to a much more definite!}' quantitative treatment than the one 
Eioiv generally employed, that of mere observation and personal judg¬ 
ment* before ecolog) can begin to partake of the characters of an 
exact science. For such a resurvey of the moisture-retaining powers 
of plants we have now at least two practicable and fairly quantitative 
methods** besides the direetly experimental one of trying various 
plant forms under various climatic complexes. This not the 
place to enter into a cotisideration of these mediods^ but it should 
be emphasized that it now appears to be possible, within a single 
period of twenty-four hours, to determine with considerable accu¬ 
racy the position of almost any plant individua! in what might be 
termed an absolute scale of xeropliytism, as far as the water-viHth- 
holditig pow'er of its aerial parts is concerned. 

For the study of the effects of temperature conditions wnthin the 
plant, no means is yet available excepting that of direct experiment. 
In one way the problem here met with is simplified by the ’ivcll-knovvn 
fact that plant temperatures practically always follow' very closely 
the temperatures of the surroundings. In attempts to determine the 
relations between temperature and the various plant processes, it is 
therefore only necessary to know the effective temperature condi- 

“ Lsviiigslon, B. E., ''Th<; Resistance Offered by Leaves to Tratispira- 
tional Water Loss” FJdiif IForIrf, i6: 1-^35, 1913. Also references there 
Ki V en. 
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tions of t]i$ environment and it is seldom requisite to study the tem¬ 
perature of die plant body separately, 

^TTie ability of a plant to withstand unfavorable temperature con¬ 
ditions, quite unlike its ability to withstand adverse conditions of the 
ttioistiire relation^ is not at all indicated by structural characteristics. 
It i$ absolutely impossible by mere observation or by any morpho¬ 
logical study of a plant, to find a basis even for a rational guess as 
to the temperature conditious to which the organism may be fitted, 
Furthermore, no method but that of direct experimentation has been 
devised, and none seems likely to be forthcoming, by which plants 
may be studied w ith regard to their temperature requirements, and 
the appreciation and interpretation of direct experiment is here so 
extremely complex that scarcely any attempt lias thus tar been made 
in this direction, I'hc result is. that, while we are well aware that 
temperature conditions are fully as important as those of moisture, 
in determining plant development and distribution, yet we are with¬ 
out any really quantitative knowledge of the heat relation. 


Before such quantitative knowledge can be attained it will be 
necessary that there be made available somewhere a laboratory so 
equipped that all of the main conditions of plant growth may be con¬ 
trolled and altered at the will of the experimenter. The'need of 
such a laboratory has been emphasized by A. de andolle and again 
by Abbe,' who also quotes de Candolle, but, so far as I am aware, 
no serious attempt has ever yet been made to procure facilities for 
^q P^ .-ttidy of the range of conditions which vari- 

ous plant forms may be able to withstand. The value of such a 
laboratory to scientific agriculture cannot be overestimated. 

For both the temperature and moisture limits of plant activities 
a kind of rough and qualitative experimentation has studied the 
growth of the same variety of plant in different localities or of dif¬ 
ferent varieties in the same locality, and has drawn volumes of vague 
and more or less discordant conclusions without adequate measure¬ 
ment either of the plants employed or of the climatic conditions to 
which they have been subjected. This sort of experimentation is 


* Abhe C., First report on the relattftnt 
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very common to-day, especially among agricultural matitutionSp and 
considerable practical information is no doubt resulting therefrom, 
In this agricultural work, however, as also in the observational 
studies upon naliiraJ vegetation, with which plant ecologists are so 
generally engaged, the physiological characters of plants are deter- 
mmed almost solely with reference to the locations at which they 
grow. Thus, seedsmen^ to describe the physiological properties of 
tlie plants with which they deal, must name the regions in ivhich 
these plants succeed. A greatly approved variety' among tlie truck 
gardeners of Long Island," “one of the most successful earlies 
throughout the South/"—so run such trade descriptions. 

Measurement and surnmation of environmental conditions, 

\Mien we describe the physiological capabilities of a given strain 
or species hy stating the geographical region in which it thrives, we 
are of course cntplo} ing the environmental conditions as a unit for 
measuring and defining the internal ones, \"aluable as this sort of 
definition undoubtedly is, it falls far shorl of perfection, even for 
practical puiTf^ses, The climatic conditions of any locality varv 
from day to day throughout the year and their annual march is never 
tile same for difTerent years. An agricultural plant that proves verv 
successful for one season in a certain place may be a complete failure 
for the following year, it is clear, therefore, that we must seek 
■ methods for describing climatic cotiditioiis, other than their simple 
reference to certain geographical regions. If such methods can be 
devised, even though ive may have no belter ways of characteriziiig 
our plants than are already at hand, it should become possible to 
compare the environniental conditions of different regions, and plant 
geography, as well as scienltfic agriculture, should be greatly 
advanced. 

Mkthous ano d.\ta. 

Turning now‘ to the consideration of the methods which are at 
hand for comparing climates, we are struck with an amusing fact; 
the most intelligihlc and most widely used way to do this is to char¬ 
acterize the climatic conditions of any region in terms of the kinds 
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of plants anti animals which tlirivc tlicrc. The sage-brush is a plant 
with physiological characters such that il thrives best in the tem¬ 
perate arid regions of N'orth America, and the climate of these 
regions is such as to render sage-brush the dominant and character¬ 
istic form of plant life. So we reason in a circle and arrive nowhere. 

There are, however, instrumental methods more ideal, if not 
more satisfactory^ by which climates may be compared. Thus the 
averages or means of temperature, precipitation, humidity, etc., of 
the meteorologists and climatologists, give numerical data which are. 
in a way, descriptive. It appears, indeed, that means or averages 
of the climatic data w'hich have been and are being accumulated 
throughout the world should furnish a numerical basis for distin- 
guishtng between different climatic areas, and this basis has of 
course been employed by climatologists for many years. Ecologists 
and agriculturists have frequently made use of such climatic means 
and have so described the climates with which they have had to deal. 
But if you will look over any of tlie recent ecological papers you 
will find that the definition of climates has not gone very far. 
Usually a section of such a paper Is devoted to the characterization 
of the climates of the areas considered, but the quantitative part of 
this section is Utile more than a mass of unrelated figures; out of 
these the author himself seems to make no serious attempt to draw 
generalizations that may be related to the corresponding vegetational 
areas. 

We arc thus confronted with a state of affairs which is far from 
satisfactory. The weather services of the world are expending vast 
amounts of wealth and energy in accunuilating, year by year, obser¬ 
vational statistics bearing upon die various climatic areas. These 
statistics arc largely used for weather prediction and for the pur¬ 
poses of theoretical meteorology. It seems that quantitative climatic 
descriptions must lie hidden somehow in these enormous masses of 
figures, but the plant geographer, whether agriculturist or ecologist, 
has thus far been able to derive lliercfrom but a very small amount 
of applicabk inforniatlon. 

It seems to me that the reason for this state of afiFairs is a double 
one: first, the climatological observations of our weather services 
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have heem planned and arc carried out mainly not for the study of 
climate as k may influence plant growth but for the study of meteor¬ 
ology’ and climatolog}" and for weather prediction; second, the 
methods now employed for handling the observational data after 
they have been obtained are not well suited to the study of the cli¬ 
matic relations of plants. To make these propositions dear, we may 
consider the work of the United States ’\\''eather Bureau^ this work 
being familiar to all of us and having a direct bearing upon the proh- 
Icins of plant distribution as I have been led to attack thetn. AU 
though the Weather Bureau is officially a part of die na^bnal Dcr 
partment of Agricnlturc^ being one of the largest bureaus of that 
departmentp its main activities have neven been primarily directed 
towards the relation between agriculture and climatology'. WeatJier 
prediction and weather hislon' seem to have been almost the sole 
scientific aims of the organization up to the present time. The stu¬ 
dent of plant activities will find no fault wuth the?e aims, hut he may 
wonder how- it has come about that an agriciittural bureau has so 
ihoroughly ignored what we iiuist regard as by far the most impor¬ 
tant relalton which exists between hnman welfare and climate; that 
is, the relation between plant growth and the climatic features of 
plant surroundings. 

As to the making of climatic observatiotiSp it is clear that observa- 
iciries in the rural districts are the only ones whose records are prop¬ 
erly available for our presqut purposes. It is a curious fact which 
speaks for the political or commercial rather than scientific nature 
of our Burcairs organization, that the best equipped obsery^atorjea 
in this country are generally located in large cities, and usually high 
in the air. As the population of the United States has increased 
you may note a someyvliat parallel increase in the average distance 
of the climatic observatories from the ground. This of course ought 
not to be. If political and commercial interests demand observa¬ 
tories in the urban districts the records from tSiese should be treated 
only as special studies of special conditions. Tt is interesting to 
note that the charts of Day's* recenl bulletin upon frost data have 

* Day, P. C., Frost Data of the l^iiiied Siaiei," etc-, U. S. Dept. Agrlc. 
Weather Bureau Bullclin W it>ii. 


264 


LtVIKGSTON--CLTMATIC AREAS 


(April l4. 


been compiled, as the author states, wholly from the observations 
of rural stations. Tlie requisite stations must be, however, in the 
open country, and not even in small towns. 

Furthermore, the geographical distribution of Weather Bureau 
stations in the United States is anything but rational. Being located 
mainly in large cities, these station.^ cluster thichly cast of the Mis’ 
sissippi River and arc widely separated in the western half of the 
country. Such an arrangement has, no doubt, its political, com¬ 
mercial, financial and historical reasons; nevertheless, it is scien¬ 
tifically quite the opposite of rational, for climatic gradients are 
gentle in the east and very abrupt in the west. 

For the purposes of the student of vegetational-climatic relations, 
the actual observations might be gr^tly improved. As far as the 
temperature conditions are concerned, the observational methods are 
fairly well worked out for the present. In the future we shall need 
a thermo-integrator, the indications of which may bear some at least 
empirical relation to plant grow'th, but such instruments remain to 
be devised- As has been pointed out, the moisture conditions of 
the environment affect the activities of a plant through their Influ¬ 
ence toward increasing or decreasing its water content. Now, most 
plants—and a({ agricultural plants—derive water mainly from the 
soil and lose it mainly to the air. It is thus clear that, with proper 
consideration of soil conditions, the data of precipitation should 
furnish us with a valuable criterion for comparing climatic areas. 
Precipitation is easily measured and our information in this connee* 
tion is fairly satisfactoiy. For the other factor of the moisture rela¬ 
tion of plants, however, natndy the power of the aerial surroundings 
to extract water from tlic plant, the climatic data which have been 
accumulated in this country furnish practically no information, 
'The available mcastirements and averages hearing on this point are 
those of relative humidity {a somewhat artificial abstraction), pres¬ 
sure of water vapor, wind velocity, temperature and sunshine inten¬ 
sity, While the present method of measuring rainfall is self- 
integrating and leaves liitk to be desired in the way of improvc- 
ment, the methods employed in measuring the water-extracting fac¬ 
tors just mentioned all involve artificial manipulations before any 
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climatLC cHaracteri.stics cam be derived therefrom. Indeed^ Ihe sun- 
shine data furnished by ihe weather observatories is not even quanti¬ 
tative in any adequate sense. 

In the fate of these difficulties ecology has been forced to turn 
entirely away from the available meteorological data. It is appar¬ 
ent at once that the water-extractiiig powder oi the aerial environ¬ 
ment 15 effective through the evaporating poiver of the air and the 
intensity of sunlight. The sunlight factor appears frequently to be 
□f comparatively little importance in the climatic moisture relation^ 
though its effects in removing water from moist objects such as plants 
can now be tneasured and automatically integrated with considerable 
readiness.* The evaporating power of the air (a complex of the 
effects of vapor pressure and wind movement) appears, on the other 
hand, to be generally of prime importance. This fact has long been 
recognized and meteorologists outside of the United States have 
accumulated a va^t amount of information upon evaporation as a 
climatic factor.^ Meeting with difficulties in the standardization of 
atiuometerSj many workers have turned their attention to attempts 
to derive a fontmla by which evaporation might be computed from 
the meteorological factors usually measured. An enormous amount 
of work has been done in this line, but llic results are of little value 
for climatological purposes. At tJie same time various students of 
climalolog)' and of plant activities have devised numerous forms of 
atniometers, for measuring and automatically integrating the evapo¬ 
rating power of the air directly. Since the latter is a very complex 
factor, it comes about that data from different kinds of instruments 
cannot be readily reduced to a common standard, so that there has 
been some hesitation in making evaporation measurements a general 
feature of climatological work. It is nevertheless true that, for our 
present purposes at least, all that is required is that some one fonn 

'Livingston, B. E.. ** :\ Radio-atTnnnicler for Measuring Ltpjht Ititcirst- 
ties,” FUnt 14: "higlJt Intensity and TransfMratiOTv" 

Boi. Caz., sa: igtL 

"In this connection set Livingston, Grace J., " .4n .Aanptated Bibliog¬ 
raphy ol Evaporation,” Weathtr /?«■., 36: 181-6, 301-6, 375-81, igoS; 
37' 6S-72, 103-9, ^% 7 - 6 o, igj-cit 24S-5^^ 1909. AI.W reprinted and repaged 
1-12I, 1909. The subject has very recently zttocied much more attention 
than formerly, especially from agriculturalists and Ecoiogisls. 
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of atmoiTtcter be generally adopted, and many weather services are 
at present furnishing data ujKJn evaporation as well as upon the 
other climatic factors more commonly recorded. On account of 
various difficulttes arising from the use of a free water surface for 
nteasuring evaporation, the most valuable instminents now available 
determine the evaporation rates from the surface of an iiubibed 
solid, such as bibulous paper or porous porcelain. For plant ecology 
the porous cup atmometer* appears to be the most satis factory of 
these instruments, and it seems to be rapidly rising in tlie esteem 
of agriculturists and others who are interested in this line of study. 
This instrument has the advantage, for our purpose, that its evapo¬ 
rating surface is so exposed as to be fairly comparable to the evapo¬ 
rating surfaces of plants. 

The only systematic infonuation ivliich the United States Weather 
Bureau has furnished upon the geographical distribution of evapo¬ 
ration intensities is coinprised in the report of Russell’s' studies. 
This author employed Pichc atmometers at nineteen stations and 
derived a formula from the results thus obtained, by which the 
monthly evaporation rates for many other stations were derived. 
His operations extended over a single year, from July, 1887, to 
June, 1888, and a very valuable chart of evaporation iti the Lnitcd 
States resulted therefrom. 

During the summers of 1907 and 1908 I carried otil a compara¬ 
tive study of evaporation intensities throughout the United States, 
under the auspices of the l:)cpartnient of Botanical Researdi of the 
Carnegie Institution, using the standardized {M>rous cup atmometer. 


'On the porous day almomtter, see: 

Babinct, J., “ Note sgr un atigidoscoge," Rt„d.. *1 ; ituS. 

Marie-Davy, H., “ Acmcdoiniare i vase poreaax de Ba 1 >lnel,‘' jVowr IM 
»: aS 3 - 4 . iSB?: Mitscherlkh, Alfred, “Ein VerdunstunzsTnesser.' U„Ju' 
Vtrsuchsflal.. 6a: 63-71. iw: also 61: jao, icxq; LivinRston, B. E "The 
Relation of Desert Plants to Soil Moisture and to Evaporation “ Camestie 
Tmt. Wash. Publ. 50. Washington, ifx. 6 ; "A Simple ,\tmomct«," .vViW 
N. S.. 1908; “A Routing Table ior Standardizing Porous Cup 

.Atmometers, Ph>>l iVorid, .5: igu; also other Iheraiure tlterc 

referred lo. 
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The results oi these studies have been published" and furnish, for 
fifteen weeks only, the second chart of evaporation which has ever 
been prepared for ihis country. It is interesting to note that a fifth 
of a century elap.%ed between these two studieSp and tliat nothing 
further has yet been attempted. 

Judging from the results already obtained, it appears that the 
simple measurcmeiil and automatic smiimaiion of the evaporating 
posver of the air for the various climatic areas furnishes as satis¬ 
factory a measure of the water-extracting power of the environinenl 
as the student of plant relations can hope for from a single condition^ 
and the future development of this branch of science wiJJ depend 
largely upon whether or not comparative evaporation records may 
liecome available. 


Treatment of observational data, 

r/ic fr^sili'js season .—In the preceding paragraphs have been 
considered the most requisite methods for obtaining climatic obser¬ 
vations, ^Vc shall now turn our attention to tilt application of these 
observations after they have been obtained. It is the custom of 
meteorologists to derive from the actual observations, daily means, 
monthtv means and annual means^ and to give most attention to the 
latter, Ko\\\ for the purposes of vegetational-cliniatic investiga¬ 
tions, it appear.s that none of these means offers irmch assistance. 
In the determination of plant activities, at least in the majority of 
eases, the controlling climatic factors arc primarily effective only 
during the growing seasoTi, and I am convinced that this season 
should form the basis of a large part of tile manipntation of climatic 
records, which which we afe here interested. As ati approximalion 
of the vegetatioiial growing season, for general use throughout our 
conntiy, it seems most promising to adopt the length of the frostless 
season, tlic number of days intervenitig betw'een the average dates 
of tlie last killing frost in spring and the first in aiitnmu. That other 
duration factors will he required in many cases is not to be doubted, 

" Livingfitonp B. E.^ ** A Study of (he Relation between Satnnicr Evapora¬ 
tion Inicnsiiy add Centers of Pfant DiMrihation in the United Staler/" P/gtti 
IPufW. 14: mu. 
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but this appear*! to be far more broadly applicable than any other. 
Hie actual data of mean length of the fro&tlesa .sea&on in the United 
Stales have never been published, but Day’s chart (already referred 
to) presents a general view of the range in length of this period 
which this country affords. Data corresponding to those from which 
Day’s chart of the frostless season w-as compiled have been deduced 
from the average dates of last and 6rst killing frosts as given in the 
106 Sumaries by Sections’* published by the Weather Bureau. 
These deduced data have been used in deriving the other climatic 
indices considered below. 

7VH//'croftiir^ integration mean length of the frostless sea¬ 
son is of course primarily a temperature condition, but it tells us 
nothing of the normal temperatures which may prevail within the 
period designated, only that killing frosts do not normally occur. 
In order to be able to relate the temperalnres of the frostless season 
to plant activities it is thus obvious that wc shall need to sum or 
integrate the temperatures over the period of active growth. As 
has been said, the mature plant itself is to be regarded as a summa¬ 
tion of all of the accelerations and retardations which have occurred 
during its life, so that our integration of temperatures should at¬ 
tempt to consider these, tiol xnerely as iliey affect our thermometers, 
but rather os they offcct f^ianis. This is, however, practically im¬ 
possible until we have at our disposal a mucli larger fund of infor¬ 
mation concerning the general relation of plant activities to tempera¬ 
ture, and such information is not apt to be forthcoming until such 
time a? the laboratory for controlled conditions, mentioned above, 
may become a fact instead of a mere dream. Various procedures of 
temperature integration have been devised by different writers and 
ap^ar to hj more or less valuable in this connection, but the physio¬ 
logical basis for such procedures remains still to be established. 
Under the circiunstances, it seems best here to give attention to but 
a single one. This is the method of direct summation of the daily 
normal means throughout the period in question. 


• » CltmatoloRical Data of the United States by Sec 

tioni, L. S. Departtneni of Aeriealturc Weather Bureau. No d^te The 
106 pampMets appear lo have been prepared abo«, The data ex! 

tcTKl for the most part through |f>o8 flr 
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Bigelow*^ has given U5 the daily nontial temperatures throughout 
the year for 177 stations well distributed over the country. This 
excellent piece of work lias laid the foundation for xnany kinds of 
climatological stud}’ that would otherwise be impossible. The data 
are generally based on an observation period of about thirty years 
and may be regarded as quite as reliable as any other data that we 
now have. In stimining the daily normal temepratures for the days 
within the average frestless seasonp for each one of the nutnerous 
stations, some temperature must be assumed as a starting point. 1 
have taken 32'' F. The results of such summations may be termed 
average or normal temperature summations, above 32'" F,, for the 
frostlcss season at the various stations. 

The method here used is somewhat similar to that employed by 
Merriam^ in his well-known study of the temperature relation in 
the United States. This author did not use the average length of 
the frostless season, however^ and his manipulations differed from 
my own id other details. The general method of summations is not 
at all new, having been long employed by phenotogists. 

When we plot the temperature summation indices upon a map 
and draw isoclimatic lines in the usual way, there results a chart 
which presents the countn’ divided into leones or band$. Such a 
chart is shoAvn by the dotted lines of plates IX., X.. and XI, Witliout 
entering into details, it is at once seen that the teniperature summa¬ 
tion aones cross the continent in a generally west-cast dircetion, being 
southw^ardly displaced in the regions of the tw^o mountain systems 
and also to some extent along the Pacific .seaboard. Practically all 
of the area of the Unked States h characteriied, according to this 
chart, by normal temperature summation indices ranging from 3.000 
to i3,ocxj. The southern half of ffjc Florida peninsula exhibits still 
higher indices. 

Integrtsfions of the maisitire relaSion. i. General considera¬ 
tions.—While temperature furnishes us a single means of studying 

" Bigelow, F. H., The Daily Normal Temperatiirt and Dally Kornial 
Predpitalion of the United States,*’ U. S. DepL AKrie, Weather Bureau 
Bulletin R, 1908. 

^^tcrrianiH C. H., ^‘Laws of Tcmpcraiure Control of the Geoffmphic 
Distrihuticn of Animals and PljTits," Nat Oi 225-38, ^8^4. 
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both the tendency of the plant to gain heat and it$ tendency to lose 
heat, we find no such simple climatic factor to use in studying the 
conditions which tend to add water to the plant or to remove it, 
M has previously been mentioned, the ordinary plant derives most 
of its moisture supply from the soil and loses water to the air. The 
possible rate of moisture supply to growing plants is thus determined 
by the resistance of the soil to the niovcment of tnoisture into plant 
roots, WTiile the physical properties of the soil play an important 
part in this connection and while these vary from place to place, the 
amount of water present in the soil is also of primary importance. 
This depends, for any particular soil and in the majority of cases, 
upon precipitation, and the measurement of this climatic factor 
furnishes us, as is commonly recognized, with a criterion of consid¬ 
erable value in the compartsoa of climatic areas, W'hile the distri¬ 
bution of rainfall throughout the period of the plant’s activities is 
fully as importatit as its amoinit. 1 shall give attention in this paper 
only to the latter. 

It has already been emphasized that the evaporating power of the 
air is the main climatic feature in the control of water loss from 
plants, as from other moist objects, [f we add to this the water- 
extracting or desiccating power of the sunshine we have an exceed¬ 
ingly satisfactory measure of the water requirements of plants, for 
most of the water absorbed by ordinary plants is lost bv transpira¬ 
tion- Here also I shall consider only tile question of the mean 
evaporating power of the air throughout the period of the frostless 
season. 

If we assume for the moment that soils are all alike in their 
physical properties, and if the moisture supply of plants be propor¬ 
tional to precipitation while the water loss is proportional to the 
evaporating power of the air, some relation obtatning between these 
two factors should be a direct measure of the vegetational water 
relation. Unfortimately for oiir study, the assutnptions above made 
especially the one regarding the physical properties of soils, are very 
far from tnic; yet certain physical types of soil are found in every 
one of the climatic areas which wc are apt to encounter, and for 
any such type the relation Just referretl to .should be of great value. 
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ThuSp heavy clays occur conuiioiiEy throughout tii^ United States 
and the moisture relatiqn of plants grou ing thereon may he approxi¬ 
mately proportional to the reEation of precipitation to evaporation. 
A similar proposition may Jiotd for sandy soils. It iSp however, tt> 
be noted that a sandy soil and a clay soil under the same climatic 
conditions ought not to be expected to possess the same power of 
supplying ntoislure to plants. 

The relation of precipitation to evaporation was brst emphasised 
as a climatic factor influencing vegetational distribution in the United 
States by Transeau,*- who constructed a very interesting and valuable 
chart of the eastern portion of our countiy on the basis of the ratio 
of mean annual precipitation to the annual evapKjration obtained by 
Russctl for a single year. Another, and in some w^ays more satis¬ 
factory’ relation between rainfall and evaporation is the rfj|fcrcjicc 
between these factors, precipitation mhius evaporation. I have 
tested this as extensively as our extremely meager data on evapora- 
tiori will allow. In the present paper attention will be confined to 
this index of difference for the frestless season. 

We noiv turn our attention to three examples of the quantitative 
study of the moisture relations of the United States, resulting in the 
means of precipitation, of evaporation and of the difference between 
these two for the frostless season. 

2. Amount of precipitation duriiig the frostless season.—Bige¬ 
low has given us^ by means of very' ingenious and elaborate methods, 
a table show ing the dally normal precipitation for each of 177 sta¬ 
tions in the United States, and it is upon this valuable work that I 
have based all of my quantitative studies of tain faII. In the present 
instance, wherein the normal distribution of precipitation during the 
year w ill receive no attention, I have nierety determined the average 
normal daily precipitation at each station throughout the frostless 
season. This gives a precipitation index which is at once seen to be 
definitely related to plant activities. Stations with high precipita¬ 
tion indices are sittiated m the humid regions, those with low indices 
are in the arid regions. 

Transtau. E. K.^ “Foresta of Eastern .Aftierica^” Amer. NaL, gg: 
S7S-08, 1005; "Climatic Centers and Centers of Plant DEgtribuiitn/* Mich. 
Acad, Sei. ^tJi .\nn. 
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V\ hen these iiitlices are placet! upon a map aitd iioclimatic lines 
are drawn in the usual way, %ve have the chart which is shown in 

lull lines in plate IX.** The data are in terms of hundredths of an 
inch per day and their range of magnitude is from less than two 
to over sixteen hundredths. This is not a proper place for iletaileci 
discussion, but it is at once obv'ious that the precipitation lines of 
this chart tend strongly to take a north^south direction, thus crossing 
our isothermal lines and dividing the country into irregular climatic 
areas each of which might be defined by the use of these two svstems 
of lines. As has been stated, the data from which both temperature 
and precipitation charts have been constructed are relatively verv 
satisfactorx, and it may be surmised that the combination chart here 
presented is fairly reliable as a general picture of the dimalic condi- 
tiems of the country as nieasured according to the method here set 
forth. 

3. Amount of evaporation during the frostJess season.—Russell's 
data on evaporation in the United States are for but a single year, 
and that not a calendar one. The probability of error introdneed 
by assuming these data to be normal is verj great, yet, as has t v-cn 
emphasized, these are the only data yet available, and we must either 
employ them or follow the custom of our Wealher Rureau and 
ignore ilie important subject of direct evaporation measurements 
entirely. More to illustrate the value of evaparation records than 
with any thought that the details of the present study may be free 
from large error, I present here the results of an approximate dcier- 
miiiation of the mean depth of daily evaporation for the frostless 
season. It is to be noted that the data for the earlier mouths of the 
frosticss season are from the summer of 1888, while those for the 
later months are from that of 1887, an unsatisfactory state of affairs 
made necessary by the exigencies of Russell’s study, 

Russell 5 published data are given by months, and, since the 

It is lo be remarked that this and tire two followina charts attempt no 
more than an approximntion to nonna] conditions. The lines arc so placed, 
however, as to represent ilie data as these have been obtained. Where no 
stations arc present topography has been used as an indication of the prob¬ 
able ^sition of the lines .411 of the dau here employed wilt be published 
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noniial frostless season rarely begins or ends with a month, it has 
been generally necessar>’ to interpolate values for fractions of a 
month at the beginning and end of each season. The evaporation 
indices obtained are in terms of mean daily loss in depth from a 
small pan of water, in hundredths of an inch. When these indices 
of daily evaporation are plotted on the map and the isoatmic lines 
are drawn, there results the chart which appears in full lines in plate 
X. Mere, as in the case of the precipitation chart, we observe a 
marked tendency of the lines to take a north-south trend and thus to 
cut the temperature lines so as to make of the country a climatic 
mosaic somewhat similar to that presented by the preceding chart. 
The range of daily evaporation appears here to be from less than 
ten to more than tliirty-tivo hundredths of an inch. 

4- Moisture excess or deficit during tlie frostless season,—I>eter- 
iitining. for each station considered, the difference between the in¬ 
dices of precipitation and of evaporation, it is found that these 
differences are approximately zero for some stations and are either 
positive or negative for others. If the differences thus obtained are 
placed upon a map it is possible to draw isocltmatic lines again divid¬ 
ing the country into areas (full lines, plate XL). As has been 
mentioned, these areas or zones may be tentatively taken to be char¬ 
acterized by the conditions of the plant water relation. The data are 
again in terms of hundredths of an incii per day. during the frostlcss- 
season. They range from a negative value of 30 to a positive one 
of more than 5, Almost the entire conn tty is seen to have a 
moisture deficit <i. evaporation is greater than precipitation, as 
here measured). Only the extreme northwest, a small area in Mis¬ 
souri, and a narrow zone near the eastern half of our northern 
boundary, continued southward along the Atlantic seaboard and 
westward along the margin of the Gulf of Me-xico as far as Texas, 
exhibit a moistitre excess. Of course the highest deficits occur in 
the most arid areas. These lines of moisture excess or deficit arc 
seen also generally to i>o.sscss a north-south trend. Here again the 
country is subdivided iuto areas by the crossing of temperature and 
moisture lines and the various areas are susceptible of definition bv 
means of these lines. The unsatisfactory condition of the e^^apora- 
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tion data upon which the present study lias necessarily been based 
renders this chart of doubtful accuracy a$ a picture of normal eon- 
diltous^ but it sert'es its purpose admirably, of ilhistrating something 
of what may be possible in the uay of quantitative vegetatioual 
climatology^ whenever the attention of climatologists may be seri¬ 
ously attracted to tliis aspect of the application of their science. 

Th£ relation of vegetation to climate. 

In order to study vegelational distribution as this is related to 
such elimatic areas as have been brought out on the charts here pre¬ 
sented, it is of course necessary to have recourse to corresponding 
charts shoicing the dtslribution of natural or cultivated plants* ft 
tvoulc] be beyond the scope of the present paper to attempt to show 
b}- examples how the area occupied by any plant may thus be cHinat' 
ically characterised, and such examples will not be brought forward 
here^ It may be repeated, however, that the obvious and visible 
diaracters of the great vegetational types (such as those of conifer 
and deciduous forest, grassland and desert), while exhibiting an 
unequivocal relation to moisture conditions, still bear no relation to 
conditions of temperature. Only when the thus far practically in¬ 
sensible physiological characters of plants may be considered will it 
become possible to relate their distribution to lemperalure conditions. 

The student of the climatic relations of plants must bear in mind 
the extreniely complex nature of the conditional complex which must 
deternvine plant distribution. Aside froni climatic conditions, the 
nature of the soil usually plays an important part, as has been em- 
phasis^cd. Furthermore, numerous mechanical and other factors 
may have delermined+ in the past, whetlicr or not a given plant form 
may ever have reached a specified locality. Because of this historic 
factor in plant geography, the climatic and soil conditions cannot be 
taken as limiting distribution unle&s we are certain that the plants 
thus Itmtted liave been tried throughout the region under discussion. 
After they have been tried the historic factor vanishes from our con¬ 
sideration. N'everthelcss, without recourse to tins removal of the 
historic factor from the argument^ it is still quite possible and logic- 
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ally sound to study the relations which obtain between vegetational 
areas and climatic areas. This sort of relation is truly only a spatiai 
one, hoH^ev'er^ and mnst not be a^mtied to be causal. The proba¬ 
bility that such a relation is a causal one is of conrse increased as it 
is found to hold in a large number of cases. With agricnlturaj plants 
the historic factor need not be considered; the actual eixperimental 
test as to whether a giA-en form will thrive in a given ar^ is some^ 
what readily made and the results are clear enough. 

JOH\S HoFKINS L\VI1^SITVs 
April i8|, J&13. 


SOME DIFFRACTION PHEXOMEXA; SUPERPOSED 

FRINGES.^ 


Bv CHARLES F. BRUSH. 

(Read AffrU 19^ Ws ) 

Fresnel observed tliat diffraction fringes, outside the shadow» ate 
not affected by tlie thickness or shape of the diffracKing edge so long 
as the latter is smooth and straight ^ and cited, a$ an instance, the 
back and edge of a razor, which gave identical fringes under the 
conditions of his experiment. Presumably he observed the fringes 
as developed several decimeters, or even meters, from the diffract¬ 
ing edge in the usual way. 

I have found, however, that when the fringes are observed within 
a millimeter or two of the diffracting edge, by means of a microscope, 
they are very greatly influenced in brightness and 5haq:mess by the 
contour of the edge. 

In most of my experiments 1 have used cylindrical edges in order 
that their shape and curvature might l>e accurately known. I have 
used fine wires grading up from 0.02 of a mUlimcter in diameter to 
fine needles, ihence to medium and large needles, and small, medium 
and large brass rods and tubes, always with a smooth surface. The 
fine wires and needled were screened on one side to confine diffrac¬ 
tion to the other side only. 

In the diagram of my apparatus A represents the source of light, 
which conveniently may be a short section of a tungsten lamp fila¬ 
ment; B is a spectrometer slit parallel with the lamp filament and 
very nearly closed, C is the diffracting screen located 15 or 20 cm. 
from the slit, with its edge adjusted parallel with the slit by turning 
the stage of the microscope D. D is a microscope provided with a 
5,0 or 2.5 cm. objective and a strong eyepiece giving a magnifying 

^ Presented in pretitninary form before The American .Asociahon for the 
Advancement of Science. December 30, tola. 
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power of icx> to 300 diameters. The focal plane of the objective h 
usually adjusted near the diffraetiiig edge as indicated by the dotted 
line, and it mtist be borne in mind tliat this h where the fringes 
are seen- 



O 





Fic- I. 



From ii to F a series of cylindrical edges of progressively in¬ 
creasing radii is indicated. £, however^ is a sharp raxor blade, and 
the fringes projected by its edge arc shown, greatly magnified, at 
They are weak, few in number and hazy in outline; but these con¬ 
ditions are not due to any irregularity of the edge^ When a fine 
wire is used the fringes are distinctly better. Every time the radius 
of the cylindrical edge is doubled, the fringes are unmistakably 
brighter and sharper. L Indicates the fringes produced by the cylin- 
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der F, of 22 mm. radius. They are ver>' bright and sharp, and nearly 
free from color. From 12 10 15 may be seen. The ctirvcd plate G, 
of many cm. radius* gives frlnge-s perceptibly brighter than F. 

WTien the radius of the cyhndrtcal edge is rather less than one 
millimeter, all fringes disappear if the focal plane is advanced suffi¬ 
cient! v to coincide ^rith the median plane of ihc edge, as would be 
expected. But when the radius is a millimeter or more, sharp, nar¬ 
row fringes may be seen w ith the focal plane in this position, and 
these fringes grow broader and more numerous as the radius of the 
diffracting edge is increased. Evidently they are formed by ele¬ 
ments of the cylindrical edge lying beyond (toward the light) the 
eleinent in the median plane. I f. now% tlie focal plane of the micro¬ 
scope is slowdy advanced toward the light* these fringes slowly re¬ 
treat behind the edge without greatly changing their spacing. They 
remain visible for some distance behind the edge because the angular 
aperture of the microscope objective enables the obseiw^er to see 
around and beyond the edge to some exleot. Upon reversing the 
movement of the focal plane the fringes move talerally from behind 
the edge until tlie median plane is reached, when the lateral move¬ 
ment stops abruptly and the fringe pattern simply broatlens out as 
the retreat of the focal plane contitities. 

I am led to the belief that the very greatly enhanced brightness 
of the fringes produced by the diffracting edge of large radius as 
compared with the razor edge, is due to the superposition of a 
number of diffraction fringe patterns which are almost^ but not 
quite, in register* This view i& supported by experiments illustrated 
in diagrams A' and O. 

A' show^s a ramr blade greatly enlarged. It makes not the slight¬ 
est difference in the fringes wdiether the blade is in the full line 
position ^hoivn, or in either of the dotted line positions, the essential 
condition being that the light undergoing diffraction shall not strike 
the beveled side of the blade. 

At O tivo razor blades arc showm damped together with their 
edges as close as possible (about 0.2 mm.), and as nearly as possible 
in the same plane. Tlie combination is adapted to be rotated sliglitly 
about the line of one of the edges as an axis by means of a tangent 
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screw, so that the edge nearer ihe light may be withdrawn very 
slightly below ilte plane of the incident beam which strikes the other 
edge. When this adjustment is jiift right the brightness of the one* 
blade fringes is approximately doubled, dearly indicating tliat two 
superposed fringe-patterns are formed. It appears that twice as 
many elements of each wave front are affected. 

We may regard the cylindrical diffracting surfaces as consisting 
of a great many parallel dements, each acting as a diffracting edge 
and producing its own fringe pattern which is superposed on those 
of the other elements. This superposition of fringes is not apparent 
when they arc viewed in the usual way, /. c., in a plane far removed 
from the clifFracting edge, because nearly all of the patterns have 
their origins so far behind {toward the light) the tangent element of 
the edge that they are hidden by it. The method of viewing the 
fringes herein described, however, enables the observer to sec these 
hidden fringe patterns, as already pointed out. 

Measurements, the details of which need not be gone into, show 
tiiat in the case of the cylinder F, of zz mm. radius, the width of 
the strip of surface involved in producing the best and brightest 
fringe pattern is about i.J mm., though 0.9 mm. gives ail but the 
extreme lines. Smoking the surface of the cylinder makes very little 
difference in the brightness of the fringes, and the slight loss ob¬ 
served is accounted for by the rougliening of the surface. 

Careful eyepiece micrometer measurements of the spacing of the 
fringes formed by the raaor edge E, and a cylinder of small radius 
agree perfectly with the theoretical spacing of diffraction fringes. 
But with the large cylinder P (and still more so with the curved 
surface G) the spaces diminish less rapidly toward the outer margin 
of the pattern and the outer fringes lose their sharpness, because 
the many superposed fringe patterns which form the composite pat¬ 
tern observed are not quite in register; so that beyond I2 or 15 
fringes manv maxima and mininia so far coincide that no more lines 
arc seen. 

The reason why tlie numerous patterns are not perfectly in reg¬ 
ister become.s clear when we consider that they have their origins 
at different distances from the focal plane of the microscope, and 
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hence are seen spread to dilfereiit extents^ This dtscrepancy is par¬ 
tially offset by tlic lateral displacenienls of llie origins due to the 
curvature oi the diffracting surface* and the net result is that the 
composite patiern seen is brightest and sharpest in a few fringes 
only, the position of whicli may be shifted to some extent by shifting 
the focal plane. 

Diagram H shows the end of a gla^^s plate with optically plane 
polished upper surface 12 mm. wide, bounded by straight edges, it 
may be regarded as a ponton of a cylinder of infinite radius, con¬ 
stituting one end of a scries of curved diffracting surfaces of which 
the razor edge E is the other limit. The plate is adapted to be 
slightly rocked by tangent-screw mechanism so that its face may be 
adjusted very nearly parallel with the incident light. 

When thus adjusted Lloyd's so-called *' single-mirror inicrfcr- 
ence fringes ** are brilliantly shown^ and the focal plane of the micro¬ 
scope may be moved through a wide range over the face of the 
mirror without disturbing the fringes in any wa}\ proving that they 
have their origin on the surface of the mirror or platq, and not at 
its edges. The first one or two dark bands are very black and sharp, 
and the others show more and more color, until the fifth atid beyond 
are all color. Only seven or eight fringes can be seen, and their 
spacing is sensibly uniform, as with ordinary interference fringes. 

I shall now endeavor to show^ that these so-called '"single-mirror 
interference fringes^' are not due to interference of light reflected 
at grazing incidence with contiguous rays not reflected, as commonly 
supposed, but are superposed diffraction fringes like those already 
described. 

Considered from this iK^int of views origins of the many 
superposed fringe patterns all lie in tlie same plane and verv nearly 
in the line of sight, and hence* Owing to uncgnal spreading of the 
several patterns as already explainedn some maxima begin to overlap 
some minima not far from the major edge of the composite pattern. 
Therefore few' fringes are seeii^ and most of them are colored. 

The extreme blackness of the dark bands forcibly suggests super¬ 
position of many minima. If tbe very small angle bcliveen the face 
of the mirror and the incident beam of light is gradnally increased 
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bv slowly turning the tangeiU screwp the fringes move closer together 
and lose their uniform spacing and most of their colors while the 
sharpest and blackest bands move further out in the pattern. 

The width of the mirror» in the line of sight, may be reduced to 
2 mm. without affecting the fringes in any respect; hut with con- 
tttiued further reduction the fringes progressively lose iheir color, 
increase in number, and assunie the characteristic spacing of diffrac¬ 
tion fringes strongly reinforced by superposition of patterns, when 
the width is only a fraction of a millimeter. 

These phenomena are beautifully shown by means of tiie device 
illustrated !n diagram P, Tfte plane glass mirror is here shown 
both in plan and elevation and enlarged to the scale of the razor 
blades X and R. It is in the form of a thin wedge about 12 mtn. 
tong and 3 mm. wide at the base* givisig a triangular face. The line 
of sight is indicated by the dotted line. 

Having adjusted the face of the mirror so as to protluce the 
Lloyd fringes, and with the near edge of the mirror in the focal 
plane so as to prevent any edge effect, the mirror is very slowly 
moved on tlie microscope stage across the line of sight toward the 
pointy withotit change of angle with the incident light. During this 
movement all the last described effects are developed. I may add 
that smoking the face of mirror H or P does not ntaterially affect 
the brilliancy of the fringes. 

In view of the facts cited it seetiis clear tliat the so-called single- 
mirror interference fringes” of Lloyd are superposed diffraction 
fringes, and are not due to reflection. But to remove all doubt the 
device shown In diagram J? was constructed. 

This consists of 24 paper-thin ra^or blades clamped together and 
forming a bundle about 4 mm, thick. It is essential that all the 
edges be accurately brought to the same plane. But inasmuch as 
the edges of the blades are not ficrfeclly straight, this condition can 
be realized Only in two lines across the edge of the bundle. To effect 
this adjustment, the edges of the blades, very loosely clamped to¬ 
gether, were allowed to rest by gravity against two parallel straight 
glass rods about half the length of the blades apart, and then cau¬ 
tiously clamped tight. Great care was taken to avoid injury to tlic 
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edges where they touched the rods, because h is only in these lines 
of contact, or very near them, that the effects to be described are 
produced. The glass rods were tlien reitioved and the bundle of 
blades was mounted and used in the same manner as the two-blade 
system 0 already described, 

\\ ith this device, which precludes reflection, all the effects de¬ 
scribed in connection with the mirror H may be reproduced, differ- 
ing on]\, and differing but little, in brilliancy'. As only about half 
of all the edges (2 mm. across the edge of the bundle) are effective 
at any one time in producing visible fringes, it seems remarkable 
that the latter arc so brilliant. But we must bear in mind that, say, 
twelve superposed fringe patterns will concentrate nearly alt the 
light into the bright bands, leaving the dark bands nearly black; 
so that the contrasts should be nearly as strong as those produced 
by the far greater number of superposed patterns given by the 
mirror H. 

The device R shows also something more of interest. Owing to 
the limited number of patterns formed, failure in registry may be 
seen at some points as division of a normal black band into two 
narrower dark lines which merge when the tangent screw is slightly 
turned, or the focal plane slightly moved; and this phenomenon mav 
be shifted to different parts of the composite pattern by continuing 
either or both of these adjustments. Thus relative shifting of vari¬ 
ous fringe patterns, each more or less reinforced, is made obvious. 


MATTER IX ITS ELECFRICALLY EXPLOSIVE STATE. 


Bv FMNCIS E NIPHER. 

In 1815 Singer published in the PSjihst?l^hkal Maga^nt^ ac¬ 
count of experiments made in Holland by De Xelis^ and repeated 
by him, which illustrated what he called tJie explosive effects of elec¬ 
tricity, At that time the one-fluid theory was generally held by 
those famiiiar with electrical phenomena. It was, however, their 
belief that the electrical discharge came from the positive terminal^ 

Singer made use of a battery of jars having an external tin-foil 
area of 75 square feet. The positive terminal of this battery was 
separated from a terminal leading to a wire of lead having a diame¬ 
ter of 0.01 inch. This lead wire was within a small metal cylinder 
formed by boring a hole into a metal rod. One end of the wire 
was in contact with the bottom of the bore, the other being attached 
to a copper wire through which the discharge was sent to tlie lead 
wire. ITiis leading in wire was surrounded by w^ax, and the lead 
w'ire was surrounded by oil. ^Fhe lead wdre w'as exploded by each 
discharge. The metal cylinder w^as stronger than any gun-barrel. 
It, boivevcr, was shattered by tiie explosive effects, the leading in 
wire was blown out and Uie liquid was sometimes thrown to the 
height of fifty feet when the metal cylinder did not hurst. 

At the present time it seems evident that, in these experiments, 
the lead wire was being suddenly draiiicd of its negative corpuscles. 
What may properly be called a rarefaction wave was sent along the 
%vire. When in lilts condition each atom of lead repels ever)‘ other 
atom. The lead becomes explosive. There are heat effects in¬ 
volved also, which assist in the separation of the atoms, but which 
alone do not seem to be capable of accounting for the results. 

It seemed to the present writer that it might he of interest to 

* Phil. Mag., Vol. 4 ^^ p. l&l. 
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d^t^rntnne ivlielhor the explosive effects would be the same when 
the negative cHsclnirge vva? sent tJirough the w ire as uheii the posi¬ 
tive terminal was used. In the fomier case a compression wave is 
sent through the eorpiisenlar nebula within the wire. The repulsion 
effects are impressed upon the oil surrounding tlie wire. In the 
latter ea&e the nature of the action seems to be essentially diffcrcnlp 
as has been pointed out above. 

The wire was placed with in a glass tube as shown in the adjoin¬ 
ing figure. The internal dtaiiictcT of various samples varied betw een 
one and two millimeters. The length oi the tube was lo cm. The 
ends of the tube were provided with copper teaciing-in wires fitting 
more Or less closely the bore of the tube and to which the fine wire 
w^as attachedp as shown in the adjoining figure. The walls of the 
tube vvere from one to two millinieiers in ihickness, Tlie space 
within the tube around the wire ivas completely filled with eoal-oilp 
all air being excluded. The ends of the tube and the leadiiig-in 
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wdres were sealed with sealing wax^ which held the leading wires in 
place and secured these wires and the glass tube to supporting 
blocks of hard rubber. 

The source of electricity was an influence machine, provided 
wdth a condenser consisting of tw'eruy sheets of glass Trfi cm, square, 
each plate having a tin-foil coaling yx cm. square. These plate con¬ 
densers were connected in miiltiplcH the tin-foil area being about 20 
?^uare feet on each side. A pivotally mounted ground contact 
could be connected to either icrminal of the machine. By means of 
a similar contact rod either lertwinal could be connected with one 
of a set of di,scharge rods, provided with an adjustable spark gap 
between the knobs. The other discharge rod was connected with 
the w^ater-pipe system of the building by means of two Mo. S copper 
wires In multiple. The apparatus shown in the figure was in this 
ground line. The grounil for the machine was in the yard outside 
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of the building. Tlie results were the same when the two grounds 
were thus independent as when they were united. 

The w ire to be exploded, contained vritliin the glass tube of the 
figure, was a quarter ampere fuse wire, having; a diameter of 0.115 
inm. A small copper w ire having a cliameter of 0^05 mm, was also 
used with similar results. 

A single discharge from either the positive or the negative side 
of the condenser caused the tube 01 glass to be shattered into frag¬ 
ments so ininnte that their impact upon the face of the observer 
when standing six or eight feet distant, produced no harmful effect. 
On several occasions, when the discharge came before it w^as ex¬ 
pected, their impact upon the eyes was also harmless. 

The small glass tube showm in the figure was enclosed in a larger 
tube having an ijiiemal diameter of about half an inch. This tube 
was also enclosed In a strip of cardboard, !n this way the dust into 
wdiich the itmer tube was converted could be collected. It could 
only be recognized as glass on examlnatton with a pocket lens. 

Tlie effect of the explosion upon the outer tube, the ends of which 
were open, was found to be in all cases nsqre marked when the com¬ 
pression or negative discharge was sent throngli the wire tlian when 
the discharge rods and wire were connected with the positive term* 
inal. Ill some cases the rarefaction wave would produce no appar¬ 
ent effect upon the outer tube, wdiile the negative or compression 
wave would crack it or shatter it into three or four ftagmenU^, 

In order to make comparative tests, the apparatus shown in the 
figure w^as constructed in pairs, the two tubes being cut from adjoin* 
ing parts of the same glass tube. This was also done with the larger 
tubes wdiich were placed between the supporting blocks and sur¬ 
rounded the small tube shown in the figure. Iti some cases two 
fuse wires or one fuse wire and one copper wire were placed in 
parallel within die tube. In this w^ay the explosive effects were 
somewhat variech In all cases the greater effects of the compression 
discharge were so marked that there appears to be no doubt of the 
result. 

M 

III order to compare the heat effects of an ordinary direct cur¬ 
rent, the wire w^as, by a switch connection, subjected to the current 


2S6 NIPHER-MATTER IK ITS EXPLOSIVE STATE. [April .9, 

from a separately excited asovoU dj'nanio. 1'lic expansion effects 
then resulted in forcuig the oil out through tlie scaling wax at tlie 
ends of the glass tube. Xo explosive effects uere produced. The 
same experiment was repeated by switching the lead wire into a 
ground line attaclied to a city power plant, the impressed potential 
being 600 volts. The results were exactly the same as in the pre* 
vious case, so far as explosive effects were concerned, Tlie wire 
was fused and partly converted into a fine powder. 
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INTRODUCTION, 

It IS a well-known fact, noticed already by Raiinesquep in 1820 
(Monogr. Coqu. Biy. et FIuv.), that the AppaJachiaa Mountain sys¬ 
tem forms, for many freshwater animals, a sharp faiinisdc division 
line, which separates a fauna known as that of the Interi&r Basin 
from that of the Aitantic Shpe (Mississippian and Atlantic Region 
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of SimpsoPt 1893, p. 354+ and p. 505, pL 18). But it should 

be noted, from the beginning, that this holds good only for certain 
groups of animals+ while in others no such differentiation is ohserv'ed, 
this appears to be correct in a general way^ investigations 
on the details of the relations of the two faunas on the eastern and 
the western side of the Alleghenies are very few. In fact^ there arc 
none whatever that have treated this question from a broader view¬ 
point, The most elementarj' reqnirementt tlie study of the actual dis¬ 
tributional facts of freshw'ater animals* had been greatly neglected. 
From most of the more important rivers (Susquehannap Potomac p 
Allegheny, llonongahelap Kanawlia) hardly any observations were 
at hand, which would have permitted any definite opinion as to the 
general character of their faunaSp and tn the region of the head¬ 
waters of tliesCp our previous knowledge was a blank. 

For this reason, the present writer had first of all to undertake 
the task of obtaining reliable and complete data with regard to the 
fauna of the various streams ninning off the Alleghenian divide. 
In the course of these studies it became evident that the most im¬ 
portant group of freshwater life is formed by the N a jades or FrcjA- 
Mussels. They offer tw'O advantages; first they are very rich 
in species, the natural affinities of which are now rather dear; and 
second, they are forms which apparently possess no exceptional 
means of dispersalp that is to say, they arep as a ntlep unable to cross 
from one drainage systent into another over land (either actively or 
passively)+ This opinion of mine agrees with that held by Simpson 
(1900b)* but is in sharp contrast to that expressed by Johnson 
(1905), who believes that "shells'^ or '^motlusks” in general and 
also especially N'ajadeSp have frequently been dispersed by birds, etc. 
Such cases may happen among the Kajades* but they cannot be con¬ 
sidered as the nonnal rvay+ and Johnson's vieiv rests upon very 
inadequate ideas about Kajad-distribution, and chiefly the instances 
of apparent discontinuous distribution of species, w^hich w^ould favor 
the assumption of transport, are, without exception, founded upon 
defective facts, (h should be remembered that the chief means of 
dispersal of the Xajades consists of transport in the larval slate by 
fishes, on which the larva; are attached; but this precludes the possi¬ 
bility of transport over land,) 
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Thus the present paper treats in the first line of tlie Na jades. 
But there are other groups, which are important, yet they will be 
interesting only in so far as they confirm the results obtained from 
the Xajades, These are certain freshwater Gastropods^ and the 
crayfish-genus CfliMhona. Hoivever, in the Gastropods we are 
handicapped b}' an insufiictent knowledge of their mutual natural 
aihnities; and in the Crayfishes the number of forms, w'hich are to 
be considered, is rather small, so that it would be difficult to obtain 
general results from them alone. 

In the present paper, ilic w-riter b going to pay attention only to 
that part of the Alleglicnian divide which lies between the New 
York-Pennsylvania state line and the northern line of Tennessee 
(see Piate XII.). In the north we have a rather natural boundary: 
from about the N'ew York state line northward the Glacial area 
begins, offering geological and physiographical features w'hich are 
of rather recent age* and have created special conditions, which 
should be investigated separately. In the south, in the region of the 
headwaters of the Tennessee drainage, the conditions form the con¬ 
tinuation of those farther nortli, but become here so complex that 
they deserve special study, to ivhich additional, and much more ex¬ 
tended investigations are necessary, involving the "Tennessee- 
Coosa problem.I have considered the upper Tennessee only so 

'This is the prohlcm in which Johnson {(^3) is especially interested. 
The old idea is (see chiefly Hayes. 1899) that the headwaters of the Tennessee 
once continued in the direction of the Coosa (Apfialachian River}, and that 
the present course of the Tennessee is due to a deflection in consc<)iience of 
stream capture. Johnson tfclievrs (and also White, 1904) that the present 
course of the Tennessee is original, and I consider his physic^'raphical evi¬ 
dence as perfectly sound ,ind satisfactory. But since the Najades (and other 
freshwater groups) have been used to demonstTatc the correctness of the 
assumption of the existence of the Appalachian River (see: Simpson. 1900b. 
p. 1J3. Adams, igpi. p. ^ and Orlmann, 1905, p. ijo), we mnst take cofmi- 
rance of this line of evidence, and dispose of it in some way. Johnson did 
this by dismissing it as not convincing, as not apt to demonstrate stream 
capture. However, as I have said, lie is wrong in this, and I believe that 
the distribution of the Xajades does iadieale ilream capture in ikis region, 
hut in the opposite direction: the original fauna belonged to the old Tennessee 
(similar to the present in its course). and certain southern tributaries of it 
have been captured bj- the Coosa-Alabama system. This idea is already im¬ 
plied in Simpson's (1900b, p. ijs) sentence ; " it is probable that nearly all the 
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far as to ascertain the great contrast which exists between it and 
the river systems to the north of iL Thus my investigations cover, 
on the western side of the Al!egheoies,the drainages of the Allegheny 
and Monongahela rivers (upper Ohio), of the Kanawha River, and 
in pan only of the Big Sandy, Licking and Tennessee rivers (aitich 
and Holston), On ,the eastern side, tlie systems of the Delaware, 
Susquehanna, Potomac, and of the upper James and Roanoke are 
included. 

It is believed that the faunistic facts with regard to these rivers 
are reasonably complete and that my collections in them have fur¬ 
nished the knowledge, not only of what is present in them, but also 
of what is absent; under circumstances, this latter fact may even 
he more valuable than positive records. 


Chapter i. 

Statement of DtSTHiBUTiosAL Facts in Najades. 

The nomenclature of the Najades is that introduced by myself 
in some recent publications (chiefly Ortmann, 1912a, pp. 222 ff.). 
The lists give the number of distingnishable forms, no matter 
whether they are species or varieties. Unless otherwise stated, all 
information Is founded upon the writer’s personal experience, and 
the specimens from the various localities are preserved in the col¬ 
lections of the Carnegie Museum in Pittsburgh. The great mass of 
new distributional facts secured by the writer makes it imperative to 
give them in full. For this reason, the present chapter is somewhat 
lengthy and contains much that is uninteresting reading for those 
which are not specialists. But this is unavoidable. 

A. WESTERN SIDE OF ALLEGHENIES. 

I. The Upper Ohio Faujva in General. 

First I give a complete list of species (or forms) found in the 
upper Ohio drainage, above Smith Ferry, Beaver Co., Pa., in the 

Unwnida of Alabatna River system have been derived from the Tenrtes- 
see," and White (1904, p. 38) directly says that the upper course of the one- 
inal Walden Cotge River (trihulary to Tennessee) has been captured by Con- 
asanga River (tributary to Oostanaob and Coosa Rivers). 
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Ohio^ Allegheny^ Monong^ela Rivers, and their tributaries, exclud¬ 
ing those found only in the Beaver or French Creek systems (Ghr 
cial Drift streams).* 

List No. I. 

1. Fm^Qi^aia subr^^tunda (Lea) 

2. FoscoMia undata trigana (Lea) 

3- undata rubiginosa (Lea) 

4. Crmodanta f^licata undulata (Barn.) 

5. Qnadnda pustuhsa (Lea) 

6. Quadmla lashrymosa (Lea) 

7. Quddr^/a tubersuluta (Bam.) 

8. Quadrula meian(nra (Raf.) 

9. Quadrula cylindrira (Say) 

ID. Roiundariu tubrreuluia (Raf.) 
ir* Ptetkobasus cooperianus (Lea) 

Pleihobasus cyphus (Raf.) 

13. Flcurobema obliquum (Lamarck) 

14. PlctiTobema obliquum pyromidotuvi (Lea) 

15. Pleurobsnta obliquum coednsum (Conr*) 

16. Flcurabema ctaz^ (Lam.) 

17. Elliptia crassidEUS (Lam.) 
t8. Ellipiio dilatatus (Raf.) 

19. Syfnphynota compressa Lea. 

20. Sympkynoia costata (Raf.) 

21. HEniilastena ambigua (Say) 

22 . Anedonia grandis Say 

23. /f/Armidnn/fl (Say) 

24. Stropliitus sdaifutus (Say) 

25. Ptydiobranchus phaseohis (HSldr.) 

26. OM^KaHii rr^fxd Raf, 

27. Cyprogenia irrorata (Lea) 

"Forms peculiar to Beaver or French Creek (or both) art' 

Fujcd^aio tfVt/dudiaPEa (Lca)^ comphtmta (Bames)p 

Aiiodffnta imbteiilis Say, AHodQuiddts fervs4a€hnui Carvneutim 

pan^ (Bames), 

Symphyuffla (i?mprEsis Lea probahty also falls in this category^ but is also 
found Irt the uppermost Allegheny. 
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28. Obcu'aria retusa (Lam.) 

29. Obainria cirotlus (Lea) 

30. Obovaria ciratius lens (Lea) 

31. Obovana ellipsis (Le^) 

32. PfephroHsias ligai)i.eHiina (Lam.) 

33. Amyffdalonakis degaiis (Lea) 

34. Amygdaionaias doHacifonnis (Lea) 

35. Plagiola depressa (Raf.) 

36. Parapiera gratUis (Bam.) 

37. Prop tern aiata (Say) 

38. Euryma iabalis (Lea) 

39. Evrynia iris (Lea) 

40. Enryniarecta (Lam.) 

41. Latnpsilis hiteoia (Lam.) 

42. Lampsilis ot'ata (Say) 

43. Lampsilis ovata vsntrkosa (Bara.) 

44. LampsUis itsuUiradiata (Lea) 

45. Lftjnpsilis orbicuiata (Hildr.) 

46. TrsmcillatriqitetTa (Raf.) 

47. Trimcilh perpiexa rattgiana (Lea) 

It should be noted, that, of these, six forms (nos. 6, n, 28, 31, 

33 . 34) have been found exclusively in the Ohio below Pittsburgh' 
while nine forms (nos, 3, 15, 16. 19, 23, 30, 38, 39.47) have not beeii 
found there, but only above Pittsburgh, but they are found else* 
where in the Ohio drainage, so that they are not restricted to this 
region. Xo. 2 i has been found only once, !n the headwaters of the 
Motiongahela, in West Fork River, in Lewis Co., W. Va. Thus 
there are yy forms in the Ohio btlmv PiiUbnrgh. 

IT. r^wER Alleghenv axd Monongauela Rivers. 

Tliere arc, in the AUeghetty River above Pittsburgh and below 
Franklin. Venango Co., Pa,, the following Najades, 

Li^t No. 

Ip Fmeonma suhroUmda (Lea) 

3. undoia fubigmosu (Lea) 
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3. Crenodonta pHcat^ luidfu/afa (Bam.) 

4. Quadrula pu^iulostf (Lea) 

5. Quadruh tub^rculaia (Bam.) 

6. Quadrula meionei/rit (Raf.) 

7. QifffJrifftJ ^ylindrica (Say) 

8. Rotundaria tubcrculat<t (Kaf.) 

9. cyphyus (Raf.) 

10. Pieurohema ^bliquum (Lam.) 

11. Fiturabemo obtiquum pyramidalum (L^a) 

12. Pleuirobenm obtiquum cocciuenm (Conrp) 
J3„ Plffttrabema a (Lam.) 

14. ElHptio cras^id^us (Lam.) 

15. EUipfio dilatatus (RaL) 
j6. Sympkynota costata (Raf.) 

17. Alasmidonia fuargbusia (Say) 

18. Stropliitus edcfiiulns (Say) 

19. Cyprogenia irrorota (Lea) 

20. Obovaria circulus ims (Lea) 

21^ Nephronaias Itgameniina (Lam.) 

22. Ptagwla depres^a (Raf.) 

23. Paraptera graedis (Barn,) 

24. Proptera alata (Say) 

25. Eurynia ree£^ (Lam.) 

26. Lampsilis luieah (Lam.) 

27. Lampsilis o'E/ata (Say) 

28. Lampsilis ovata ventricosa (Bam.) 

29. Lampsilts muUiradiaia (L^a) 

30. Lampsilis orbicuhta (Hildr.) 

31. Trundila iruiueira (Raf.) 

32. TninciUa perple-sa rangiana (Lea) 


Aside from the six species found only below Pittsburgh^ the foi- 
loAvtng nine of list no. i are missing here: noa. 2, 21, 22 , 25, 26, 

29. 38, 39* 

A very similar fauna goes up Ihe Monongahela River, Unfor¬ 
tunately p this fauna is now destroyedp and our knowledge of it rests 
upon a collection in the Carnegie Museum made before 1897 by 
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G. A. Ehrmann in the vicinity of Charleroi, Washington Co., Pa- 
(and a few scattered additional records secured by others). The 
following is the list of these. 


List N&. j. 

i- Fusconaia mbtohitida (Lea) 

2. Fuscottaia vnduta trigona (Lea) 

3. Fuscatiaia utidata rubiginosa (Lea) 

4. Quadruta pustuhso (Lea) 

5. Quodruia tuberailata (Barn.) 

6. Quadrttla vietaneiTH (Raf.) 

7. Qvadmia cylindn'to (Say) 

8. PletJwbasus cypiiyus (Raf.) 

9- Pleurobentft obliqttum (Lam.) 

10. Pteurobema obliquum pyramidaittm (Lea) 

11. EilipHo crassidens (Lani.) 

12. dilaiatiis (Raf.) 

13. Symphynota foj/ofo (Raf.) 

14. Anodonta grattdis Say 

15. Strophitus fdeutvltis (Say) 

16. P/y<-Ao6r(iflcAi« pJwseolus (Hildr.) 

17. Obft^Jtaria reftsjrg Raf, 

18. Cyprogenia irrorata (Lea) 

19. Obovaria circulus (Lea) 

20. OhotfOris circuUis hns (Lea) 

21. Nephroiiaias Ugaincntim (Lam.) 

32 . Plagiola depressa (Raf.) 

23. Paraptera gracUis (Barn.) 

24. Pro/itera ij/ato (Say) 

* 25. Eiirynia recta (Lam.) 

26. LampAUs lutcola (Lam.) 

27. Lampsilis oivataveniricosa (Bam.) 

28. Lampsilis orbiculata (HiJdr.) 

The following species have not been found here, but were prob¬ 
ably present in this region, since they exist both below and above: 
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29. CrenodoHta plkata ttndulBta (Bam.) 

30, RQtundarii tuberadaia (Raf.) 

3L AlasmidontB itiargimta (Say) 

32. Lampsiiis mvUiradiata (Lea) 

33. Triincilla iriquetra (Raf.) 

Comparing these two lists (nos. 2 and 3), we see that they are 
practically identical: 33 forms arc in either list, to which probably 
five others should be added, which should be expected in this part 
of the Monongahela. Thus there would be aS forms common to 
these rivers. 

Even those species, which are peculiar to only one of these rivers, 
might exist or might have existed in the other. In a general way, 
those species found in the Monongahela, and not in the Allegheny, 
are preeminently big-river-fonns (for instance Pvsc. undaia trigona, 
Obliquaria rejfe.ra, Obm^aria dr cuius), while, vice versa, those of 
the Allegheny are small-river-forms (F/cttroheifla obUquum coc- 
cineutn, Plettrobertsa dava^ Tnificiiia perpkjca rangiana). This is 
in keeping with the general character of these rivers; the Monon¬ 
gahela is, although not appreciably larger, more quiet and steady, 
with finer bottom (gravel, sand), while the Allegheny is rather 
rough, with coarser gravel and rocks. 

One thing is very- evident: that the Ohio fauna extends into both 
rivers above Pittsburgh, but somewhat depauperated, decreasing 
from 37 to about 30 Najad-forms. 

Ill- The Upper Alleoheny and its TafBUTAjuES. 

Going up the Allegheny River, we meet first a section, which is 
utterly polluted (from northern Armstrong Co., to Oil City, Ve¬ 
nango Co.), But above Oil City the river is in good condition, up 
to Warren Co,, and the New York state line. In this stretch (Ve¬ 
nango, Forest, and Warren Cos.), the following Najades have been 
collected by the writer; 

List 

1. Crciiodonia plicata undtilofa (Bam.) 

2. Rotundaria tubercuhta (Raf.) 
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3. obliquum (Conr.) 

4. Phur&bMma claia (Lam.) 

5. EltipHo dUatahis (Kaf.) 

6. Symphynota CQStato (Raf.) 

7. AltxsnUdonf<i marginata (Say) 

8. SUaphiiiiS edenttdus (^ay) 

9. Plydwbraiickus pkoseolus (Hildr.) 

10. Nephnyfiaias ligamenitna (Lani.) 

11. Eurynia fab^is (Lea) 

i;2. Ettrynia recta (Lam.) 

13. Lampsilis (n'Ota (Say) 

14. Lampsilis orata vefUricosa (Barti.) 

15. Lmip^'tis nntifiradlafa (Lea) 

16. TrunciHa perplexa rmqiiiHG (Lea) 

To these should be addedp as found in tribuiariea of the Alle- 
gheny in Warren Co.j 

17. Syfnphynoiit campressa Lea 

iS. grandis Say 

19. LampsiHs luieola (Lam.) 

Compared with the lower Allegheny (list no. 2). the number of 
species has been reduced by more than a thirds but for those which 
have disappeared a few others have turned up^ namely, nos. 9^ 17 

and 18. Of these, Symphynota compressa (no. 17) b a peculiar 
form restricted to the tributaries of the upper Allegheny (and also 
in French Creek and Beaver River drainagCp see above, p, 291, foot¬ 
note 2). The others are species which generally prefer small 
streams and avoid larger rivers. 

Above Warren Co., Pa., the Allegheny River hows in New York 
state, and we have only a few records from this section (Marshall, 
1895). But then we reach Pennsylvania again in McKean Co. 
Here I secured a number of species in the Alleglicny River^ and 
received others from Dennis Dally* and P. E, Nordgren made a col¬ 
lection in Potato Creek. Here is the list of these. 
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List 5^ 

(Those marked * are from the AiiegheKy^ those marked f from 

Potato Creek.) 

*1. Pleuroberiia obtiquum coccineum (Conr.) 

♦fa. EUiptio ditotatus (Raf.) 
t3, Symphynot^ eofnpressa Lea 
* 14 - Sy*3ipkynota rostota (RaL) 

*5* Atasmidonia marginota (Say) 
f6. SirophUus'edeniuIue (Say) 

Lampsilis luteoh (Lam,) 

*8, Lompsilt^ ot-afa z^entrieosa (Baro.) 

The number of forms again has been greatly reduced in com- 
parisoa with list no. 4* All species found here are also found farther 
below^ and thus this fauna is simply depauperated. 

I collected also in the uppermost Allegheny above Coudersport, 
Potter Co,, but here this is a mere run, and has no Najades. (Im¬ 
mediately below Coudersport it is polluted.) 

We come now to the eastern tributaries of the Allegheny River, 
running down from the divide in a general cast-west direction. 
They arc (from north to south): Ciarion River^ Red Bank Rwer, 
Mahoning Creek, Crooked Creek, and Kiskimutetas River^ The 
first two are entirely polluted, and no shells are known from them. 
The same is true for Malioning Creek, from Punxsutawney down. 
But in northern Indiana Co. tlicre is a tributary of the latter, Little 
Mahoning Creek^ where I collected the following shells: 

List hfo. d 

1. Pleurobema obtiquum coccineum (Conr.) 

2. EUiptw dilatatus (Raf.) 

3. Symphynota cos lata (Raf.) 

4. Alasmidonta marginata (Say) 

5. Slrophitiis cdentifhis (Say) 

6. Ptychobrajidms phaseolus (Hildr.) 

7. Lampsilis luteoia (Lam.) 

8. Lampsilis ovata vent Acorn (Barn.) 
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The similarity of this fauna to that of the uppermost Allegheny 
IS evident. Eight forms are in either list, seven of which are found 
in both. 

Crooked Creek has its fauna fully preserved. I collected in both 
the lower and upper part. In the lower part, in Armstrong Co., 
near its confluence with the Allegheny, the foltowing are found. 

List No* yo, 

1. Fuseomio uitdata rukiffitioso (Lea) 

2. Crenodotila piicafa undw/ata (Bam.) 

3. Pieurobeiiia oNigutifu coednemtt (Conr.) 

4. El/iptip difaiatus (Raf.) 

5. Sywj/i/iyHo/a rojjtito (Raf.) 

6. Attodottfa grandis Say 

7. Alasmidonta tuorginata (Say) 

8. Sirophiius edentalus (Say) 

9. Ohovaria ciVc«/of lens (Lea) 

10. Nephronaias (Lam.) 

11. Eutynia fobalis (Lea) 

12. Bnrynia frw (I.,ea) 

13. £«ryHffl recta (Lam,) 

14. Lampsiiis biteola (Lam.) 

15. Lampsiiis ovata vealricosa (Earn.) 

16. Lampsiiis mu/hVadidfa (Lea) 

17. TruncUla triquetra Raf, 

This is a depauperated lower Allegheny fauna, with the addition 

of a few species (nos, 6, it, 12) which are characteristic for smaller 
streams. 

In the upper part of Crooked Creek, in Indiana Co., there are: 
List No* jh. 

1. Fiuroiiai'a undata rttbiginosa (Lea) 

2. Syufphyttota cosiata (Raf.) 

3. Anodotila grand is Say 

4. Stropltihts edetilulus (Say) 
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5. Obovdria cir£ulus lens (Lea) 

6. Lcmpsith hite&ln (Lam,) 

This part of the creek is a very small stream. Of the six species 
found here, ihrec are also in the uppermost Allegheny and in Little 
Mahoning, while three (nos. 1, 3, s) are absent in them. Anodonta 
ffrandis is a small-creek-form elsewhere, but Fusconata undata ru- 
biginoso and Obovaria dr cuius tens arc peculiar to this creek, and 
although ihey are also small-creek-forms, they are not known to 
advance so far up toward the divide in other rivers. Of course, we 
should bear in mind that other tributaries of the Allegheny in this 
section, the fauna of which has been destroyed, might have con¬ 
tained these species. 

The full and typical Kiskimiftcias-Coneniaugh fauna i$ irrepa¬ 
rably lost to us on account of pollution of the waters. However, a 
few remnants have been preserved. Nothing is known from the 
Kiskiminetas proper. In the Conenwigh River at New Florence, 
Westmoreland Co., I found the dead shells of the following forms;* 

1. Pieurobema chliqauni cocdtieum (Cont.) 

2 . Pleurobeuia ciava (Lam.) 

3. Ellipiia dihiaiits (Raf.) 

4. Ptychobraftchus pItaseotHS (Hildr,) 

5. Nephrouaias ligamenthta (Lam.) 

6. £wryH(o ref fa (Lam.) 

7 . Lampsilis ovaia veHlricqsa (Bam.) 

B, Lampsilis ntif/fiVadiiifa (Lea) 

These are all found in the Allegheny above Oil City, but it is 
hardly probable that this list contains more than half of the species 
originally present in the Conemaugh. 

From small tributaries in Westmoreland and Indiana Cos., I was 
able to secure four species; 

ElIipHo ddatatus (Raf.)—Yellow Creek, Indiana Co. 

S'j'Hi^ftynofa cosiata (Raf.)—Two Lick Creek, Indiana Co. 

Anodonta grandis Say—Beaver Run, Westmoreland Co. 

Straphitus edentuius (Say)—Yellow Creek and Blacklegs 
Creek, Indiana Co., and Beaver Run, Westmoreland Co. 
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Also this fauna is fragmentary, since these streams are partially 
polluted. But there are two tributaries of the Kiskiminetas system, 
in the mountains, betiveen Chestnut Ridge, Laurel Hill Ridge, and 
Allegheny Front, which have furnished what appears as complete 
fauim. Loyaftianna River, near Ligonier, Westmoreland Co., 
contains: 

List fy'o, S. 

I. Pleurobenia obHqtmm cocciacHm (Conr.) 

2- Pleurvbenia clava (Lam.) 

3. Elliptio dilatatHs (Raf.) 

4. Syntphynola costata (Raf.) 

5. Aiasmidonta marqinata (Say) 

6. Sirifphitfts edcnttilits (Say) 

7. i"#yc/io&raHf/K« piwseoius fHUdr.) 

8. Lampsilis ovata zvntricosa (Bam.) 

9. Lampsilis tnuttitadiala (Ijea) 

Also Anodmita qrandii Say should be mentioned, but this has 
I»en found only in ponds cut off from the river. Of Nephrmaias 
hgamentiHa (Lm.) a single individual has been found many years 
ago, but recent investigations have failed to bring it to light again. 

Seven of these species have occurred in the other lists of the 
tributaries of the Allegheny, W'hile two are new (nos. 2 and 9). 

In Quemahoning Creek, in Somerset Co., I collected: 

List No^ p. 

1. Elliptio dUatatits (Raf.) 

2. Sy$nphyn(,ta costata (Raf.) 

3 . Alasmidofita marginala (Say) 

4. StrophitMS edcHliilas (Say) 

5. Ptyeliobraiicims pftaseoliis (Hildr,) 

6. Lampsilis tnvta vettiricosa (Barn,) 

7. Lampsilis muUiradiata (Lea) 

All these are also found in the Loyalhanna. but two of the latter 
(nos. I and 2) are lacking. 

The streams belonging to the Allegheny, discussed so far, form 
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a uditj as will become evident by comparison with the next group 
(upper Monongahela draina^^e). Thb is the most easterly advanced 
part of the Allegheny drainage. For this reason it wiIJ be advan¬ 
tageous to give the full li$t of all species which advance here farthest 
toward the Alleghenian divide. 


Combined List^: 6 ^ p. 


t, Fiisconata undata rubiffinosa (Lea) 

2. PfeiirQhem<f obliqnum cocchteum (Conr.) 

3. P/tfjirofrrJJia d<j^'a (Lauv) 

4. Eitipih ddatatus (Raf+) 

5. Symphynota compressa Lea 

6. Symphynot<> costata (Raf.) 

7* A nod onto grandts Say 

8. Alasntidonia morginota (Say) 

9. Sirophitus cdentulus (Say) 

10, Ptyehobroncbiis phas!€olHs (Hildr.) 

11, cireuhis lais (Lea) 

12, Lampsilis hiteola (Lam.) 

13, Lampsiiis vengric^sa (Barn.) 

14, LampsUis mnUiradiaga (Lea) 

Til is is a comparatively rich fauna. Although not all of these 
14 species are found tn every one of these streamSp the average 
number is about 7 or S, Some of tire species (Syniphynota cosiaia, * 
Strophitus edenluius) are found in all of these creeks, and five spe¬ 
cies are in most of them obHquum cocemettm^ EtHp- 

iio dilaiaius^ Ahsmidonga margUmla, Piydiobr{^f^chHS phaseolus, 
Lampsilis ot^rafo vcniricosa). 

Looking over the Allegheny River fauna, we sec that the Ohio 
fauna, well and richly represented in the Ohio below- Pittsburgh by 
37 forms, depauperates in the Alleghenv. Although a few species 
are added toward the headwaters, the general tendency' is that one 
species after the other disappears in the upstream direction. But 
one feature of this should be emphasisEed : the decrease in the number 
of forms is gradual, no sudden deterioration of the fauna being 
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observed at any point. In the uppermost headwaters there is yet a 
comparatively rich fauna of together 14 species* 

We shall see that in other parts of the western drainage this con¬ 
dition is not found, and our rather detmJed account of the Allegheny 
fauna has been given with the chief purpose of bringing out the 
above fact. 

IV. JklONONa^HELA RiVER ANU TRiBUTAaiES. 

We have seen above (list no. 3) that the Monongabela Just above 
Pittsburgh had surely 2S specks, but possibly 33. Farther up no 
NaJades are known and the fauna is destroyed, for the water is 
everywhere badly polluted. But above Garksburg, Harrison Co., 
W. Va., conditions are good again in West Fork River. This is a 
Plateau stream, not rough, but rather sluggish, and the proper en¬ 
vironment for shell-life seems to be present* The Carnegie Museum 
possesses material collected by tlie w riter at Lynch Mines, Hairison 
Co., at Lightbum and Weston, Lewis Co., and some additional forms 
collected by J- P. Graham at West Milford, Harrison Co., W, Va, 
This gives us a good, and, as I believCp a rather complete idea of 
this fauna. 

In the following list those forms found at the uppermost point 
iu this river (Weston) are marked with a (None is peculiar to 
this locality.) 

List No. m 

I. Fusconma subrotitnda (Lea) 

*2. CrenodoTtio plic(ita unduhtot (Barn.) 

3. Quadruta iuberculoda (Bam.) 

4- Quadrula meta$tevra wardi (Lea) 

5. Qpfiidrti/n cyhndrica (Say) 

6. Rotundario iuberculnta (Raf.) 

*7. Pleurobema obliqtium toccinetifn (Conr,) 

*8+ PieurobeniQ dava (Lam*) 

^9. Eltipiio ditatotus (Raf.) 

♦10, Symphynafa costaia (Raf.) 

II* (Say) 
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*12. Anod&nta grandis S^y 
*13. tiiffr^iRdla (Say) 

*14, Stri)phiiH£^ edtm£ulus (Say) 

*5' P^y^^f^Gbranchus phaseolus (Hildr.) 

*16. Oboi^aria drcuius letis (Lea) 

*17. Euryniu fcfbalis (Lea) 

*18. Earynia iris (Lea) 

*19. Lampsilis iuteoia (Lam.) 

*20, Lmipsilis o/zmia vmtricQsa (Barn.) 

*21. Liimpsilfs maliiradhta (Lea) 

22. Trumilh triquetfa Raf, 

23. Trnncilla perplexa rangian^ (Lea) 

This is a fauna ver>' similar to that farther bebw, but somewhat 
depauperated. It is remarkable that this fauna goes far tip, and 
that there are yet 14 species at the uppermost locality (Weston), 
where the river is merely a creek. Also here the rule holds good* 
that tlie typical Ohio fatiua decreases in richness lu an upstream 
direction, and that this decrease is gradual, not sudden. 

In sharp contrast to this are the eastern tributaries of the Monon- 
gahela, which come down from the mountains. The first of them 
is the ywghiogluny River. The fauna of the lower parts of this 
river is entirely lost on account of pollution. Betw'een Connelsville 
and. Oonflucnce, Fayette Oo., Ra., the nver runs tlirough a canyon^ 
is very rough, forming falls (largest at Ohiopyle). Above Con¬ 
fluence it is less rapid, and flows in a broad valley, offering condU 
tJons favorable to Najadesj but only a single species is found here: 

Sirophit^s edefitulus (Say), 

The next of the mountain streams is Cheai Either. Also this 
river runs through a long canyon, and above this canyon there are 
no Najades in it.* But below the canyon the fauna is rich. In the 
following list, the species marked * are found also at Mont Chateau, 

■ I collected above Parsons, Tucker Co., W. Va., in Shavers Fork, Below 
Parlous the river is tadty pollnted. and also Dry Fork is j^olluted through 
Blafkwater River, 1 have been told that there used to be some shells in the 
Cheat, below Parsons, but we have no means of asccrtainini^ what sjwcies 
they were. 

raoc. AMsa. mu^ soc-h ui. 210 b, raiKTEu julv it, toi j. 
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W* Va., immediatdy below the canyon, the others are from Cheat 
Haven in Pennsylvania, about eight miles farther below. 

List No. II. 

Ip PffjcOMaio (Lea) 

2. plkatu undulaio (Bam.) 

3. Quadrula pHstutosa (Lea) 

4. Rotandaria tuberculata (Raf.) 

5. FUurob^na (Latn.) 

"^6. Etfiptio dilataius (RaL) 

*7. Sy$iiphyuQta cosiaia (Raf.) 

*S, Aiosmdmta morginota (Say) 

*9. Strophitus edentuius (Say) 

*10. Ptychobranchus phaseohs (Hildr.) 

Ji* Nephronniai IjffOtnerJtina (Lain^) 

12. Etirynia iris (Lea) 

*13. Eurynia recta (Lam.) 

*14. LampsiHs oi^oia veniricosa (Bam^ 

*15, Lampsifis inulitradiaia (Lea) 

The eight species fonritl near Mont Chateau are not in the rnain 
channel of the river, but in small side branches, whidi are more or 
less protected. In the main channel the bottom consists of large 
boulders and rocks* not firmly packed, but loose and easily movable, 
chiefly at flood stage. Moving and shifting bottom prevents perma¬ 
nent settlement of Najades. At Cheat Plaven conditions are more 
favorable, and here we have a rich fauna, agreeing w^ell with that 
of the lowxr Monongahela, but of course somewhat depauperated 
corresponding to the smaller size of the river, 

Tygart Falley which joins West Fork River at Fairmont, 

to form the Monongahela^ has the same character as the Cheat 
There is a more slowly running upper part* above Elkins* Randolph 
Co., W. Va., a rather long canyon, dowm to Grafton, and a less 
rough portion below this. In the canyon a tributary^ flows into it^ 
Buckhannon Rwer^ which again is running more slowly in its upper 
part. 
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In the loiver Tygart, the fauna has been destroyed by pollution. 
The upper part, above Elkins, contains only two species: 

Syniphynota cosiata (Raf.) 

Strophitus edettuttus (Say) 

ITie upper part of the Buckhannort drainage has one species : 

Strophilus edenlulus (Say) 

I found this not in the river itself, which is dammed and has 
slack water, but in a small tributary, Prcncb Creek^ at Hampton, 
Upshur Co., W. 

Thus, in these mountain streams tributary to the upper Motion- 
gahela, we meet with conditions entirely different from those in the 
upper Allegheny and its tributaries: the rich Ohio fauna, only 
sliglitly depauperated, goes up to a certain point, up to the lower end 
of a canyon, which represents an extremely rough part of these 
rivers. This is best observed in the case of the Cheat (list no. 11), 
while in the others pollution has destroyed the original conditions. 
But we may easily imagine what these were when we look at the 
fauna of the plateau stream, W'est Fork River (see list to). At 
the lower end of the canyon the fauna suddenly stops, and above the 
canyon, in the high valleys, where the rivers are more quiet, very 
few species, one or two, arc found, if such are present at all. It 
should he noted that one species, Strophiius edenlulits, is found in 
all three rivers, which have shells, but that Symphyttota costata is 
only in the Tygart. 

Thus the canyon apparently forms here a natural barrier. 

V. Fauna of the Kanaw'Ua River. 

Farther to the south we have the Kanawha drainage in West 
Virginia. Tlie fauna of the Kanawha itself is unknown, for this 
river is much polluted, and has been transformed into a series of 
pools by dams, conditions unfavorable for Najad-life. 

However, there are two tributaries in the plateau-region, w'hich 
contain shells. The first is Elk Rtfer. Here 1 collected repeatedlv 
and was able to secure the following species. Those marked • are 
from the uppermost station, at Sutton, Braxton Co., W. Va. 
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*1. Fir.i'fdnaia sHbrotunda tcucogona Ort, 

*2, Fliscofiaia uudvia trigom (Lea) 

*3. Crenodonto plicafa undtthla (Earn.) 

4. Quadriilo pusiuhsa (Lea) 

*5. Quadrula tuberculata (Barn.) 

6. RoiMndsria tuberculata (Raf.) 

*7, Pieurobettia ctma (Lam,) 

8, Elliptio crassidens (Lara.) 

*p. Elliptio dUatatus (Raf.) 

*10. Sytitphynota costota (Raf.) 

II, Aiasmidonta vmrginata (Say) 

* 13 , StrophHuf edenttthis (Say) 

*13, Ptyckobranchus phojeohts (Iiil 4 r.) 

*14, Obovaria ciratlus (Lea) 

15, Nepltromias ligameHlitia (Lam,) 

*16, Proptera aJata (Say) 

17, Eurynia fabotis (Lra) 

*18. EMrym'o iris (Lea) 

19. £ijrj‘Jn'o fecia (Lam.) 

20 . LampsiU.s (Say) 

•21. Lampsilis ovaitt vcntrUosa (Barn.) 

* 32 , Lampsilis muliirodiata (Lea) 

This fauna is of typical upper Ohio character (compare lists 2 
and 3), With one exception (FfUfOiidta leitcogotta') 

every form b also found in western Pennsylvania, and this one is 
only the local representative of FHjepHOia subrotmsda. Yet this 
fauna has a somewhat peculiar *' facies " in so far as it contains 
Several forms, which clsevvhere prefer larger rivers (Furconoio 
undata trigona^ Biliptio crassidens, Obotfario circulus, Proptera 
alata). 

In addition I collected sonie shells in Coat J?iVer, at Sproul, 
Kanawha Co,, W. Va. 

I. Fujcofiaiei ufidolo rubiginosa (Lea) 

3 . Crenodotita plicato undulala (Bam,) 
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3. StrQphiius edeat ulus (Say) 

4. Obovaria circulus Utis (Lea) 

3. Lamfsitis luteola (Lam.) 

6. Lampsilis multiradwta (Lea) 

And the Carnegie Museum possesses, from Little Coal Rivers 
from the Hartman collection: 

7. Quad tula pustulosa (Lea) 

8. Quodruta meiofisvra wardi (Lea) 

9. Pleurobema obliquutn coedneum (Conr.) 

This would add 5 forms {nos. i, 4, 5, 8, 9), so that 27 forms are 
known from the lower Kanawha drainage, which are practically all 
typical upper Ohio forms. 

Going up the Kanawha, wc find that this river, as New Rivet^ 
comes through a canyon out of the mountains. This canyon is cx- 
tremcly rough, containing several falls (Kanawha falls at lower 
end of canyon, and New Richmond falls, eight miles below Hinton. 
Good photographs of New River sceneiy have been published by 
Campbell and Mendenhall, 1896). In the region of Hinton, Sum¬ 
mers Co,, W. Va., the river is somewhat less rough. Here I col¬ 
lected, at tlie confluence of New River and Greenbrier River^ the 
following species: 

List No^ 13. 

1. Quadrula tubereulata (Barn.) 

2. Rotundaria ti( 5 rrrit/aid (Raf.) 

3. EllipUo dilatatus (Raf,) 

4. Symphynota tappaniaua (Lea) 

To these, probably, njari;)iftsrd (Say) should be 

added, for it is found farther up in the New River drainage, and 
thus we would have five species here, four of which are found in 
the lower Kanawha drainage, while one (Symphynota tappaniana) 
IS entirely ncw\ and found nowhere else in the whole upper Ohio 
drainage. In fact, this is a species known hitherto only from the 
Atlantic w^atershed. 

Farther up I collected in the Greenbrier Rk/er at Ronceverte, 
Greenbrier Co., W. Va.; in New River at Pearisburg, Giles Co., Va.; 
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and in Reed Cteek, Wj-theville, Wythe Co., Va. TTiree $pecies only 
are present here ; 

List No, 14. 

1. EUiptio dilotoUis (Raf.) 

2. Symphynola tappaniana (Lea) 

3. Alasmidonto viarginata (Say) 

At Pearisbttrg I did not find no. 3, but at the other localities all 
three were present. In addition, BlUptio diiatstus has been reported 
by Call (’85, p. 30) from Bluestone River (tributary to New River, 
emptying into it just above Hinton)A 

These conditions correspond closely to what we have observed 
in the case of the mountain streams tributary to the Monongahela. 
There is a rough part in the river in the shape of a canyon. Below 
the canyon the fauna is rich, above it is extremely poor, in the 
present case two species (^Quadrula tuberculma and Rotuudantt 
tubercuhta) have gone up through the lower part of the canyon, but 
they were unable to go farther, and the uppermost parts of the New 
River system, where conditions undoubtedly arc favorable for 
Najades, eontatti only three species, two of which belong to the 
Ohio fauna, v/hiie the third is a complete stranger. With the ex¬ 
ception of this case, which will be further discussed below', the 
whole Kanawha fauna, including that of New River, is undistin- 
guishable from tlie general upper Ohio fauna. But it should be 
noted that the species found in the headwaters of the Kanawha are 
different from those found in tiie headwaters of the mountain tribu¬ 
taries of the Monotigahela. 

VI. Big Sandv and LtcKiNG Rivers. 

South of the headwaters of New River, in the Greater Allegheny 
Valley, we strike the headwaters of tlie Tennessee drainage, Holston, 

* Bluestone River is now badly poll uted. I have seen it in its upper part, 
at Rock, Merecr Co., W. Va. Call (iWd., p. 35) already gives Rolundaria 
luberculata (as Utiie verrvcosvs Bam.) (roin New River, yirffitiia: bu( 
according to my investigations, this is only in the New River in West yirginia 
(at Hinton), Call also says Bluestone River, Virginia, bat only the extreme 
headwaters arc in Virginia, the rest in West Virginia. 
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Qindi and Powell RivctSp However, to the west of these, on the 
Allegheny Plateau, there are other rivers, tributary to the Ohio, the 
fauna of which was hitherto entirely unknown. Since a quite dif¬ 
ferent fauna turns up in the Tennessee, it would be surely Interest¬ 
ing to know something about these intermediate western rivers, and 
for this reason I made several trips into this region, and was able 
to collect the following data, first for the Levisa Fork of Big Sondy 
Rwer, at Prestousburg, Floyd Co., Ky. 

1. Fusconaia siibroiandf^ (Lea) 

2. Cr^nodonto plkata undalata (Barn.) 

3* Quadruh pushUosa (Lea) 

4. Quadnda tuberculata (Bam*) 

5. crasMens (Lain.) 

6. Symphynofa costata (Raf.) 

7. Obot^^ria dradus /ctij (Lea) 

8. Nephroitaias Ugamentina (Lam*) 

9. Amygd^omias ekgatis (Lea) 

10. Fropiera alaia (Say) 

II* jSiiryjiin recta (Lam.) 

12. Lampsitis oi^ata wiifrirom (Barn.) 

In the Licking River, at Farmer, Rowan Co., Ky., I found: 

r* CreTJodottia plicaia undulata (Earn.) 

2. Quadruia pmtulosa (Lea) 

3. Quadrula tuberculata (Bam.) 

4. Fleurobema obliqunm coccineum (Conr.) 

5. Elliptia dijatattis (Raf.) 

6. Syjnphynota coslat a (Raf.) 

7. Anodonta ^mdis Say 

8 . Strophilus edentuliis (Say) 

9. Ffychobranchus phascotus (Hildr.) 

10. Ofrot^arid ciretihis lens (Lea) 

11. Nephromias Hgamentina (I.,am.) 

12. Propter a alata (Say) 

13. Lampsiiis luteoia (Lam.) 

14. Lompsilts ovala ventrieosa (Earn.) 
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In 3 tributary of the Licking, Flemng Creek at Pleasant Valley, 
hticholas Co,, Ky,, 1 found, aside from Atiodonta grattdis and Lamb- 
ji/w hiteoh: 

15- Anodotitoides ferussadanus (Lea) 

Although these hvo lists give by no means the coitipkte faunas 
of these rivers, they show clearly that they are practically identical 
with the upper Ohio drainage in West Virginia and western Petm- 
sylvania. All these species have occurred in our previous lists, wdth 
one exception, the very last one, Anodptiioides feru^saciattHi. This 
is a western and northern species. Of the characteristic Tennessee 
(and Cumberland) drainage fauna not a trace is seen in these rivers. 

It is unknown at present whether there is a point in the upper 
parts of these rivers, where the fauna stops suddenly in an upstream 
direction. My chief object in introducing here the faunas of these 
rivers is to show that they cannot be separated from the general 
Ohio fauna, 

VH. Fauna of Uppeb Tennessee Riitr. 

We come now to the Tennessee River. It is well known that 
this system contains an extremely rich fauna, with a large number 
of peculiar types. It is not my object to go into detail here, and I 
only want to bring out the contrast of this fauna to that of the upper 
Ohio in general, and especially to that of upper New River With 
this in view, I collected (September, t^ia) in the uppermost parts 
of Hohlon and Cii«di Riven in Virgbia. Of course my collec¬ 
tions are by no means complete, as is clearly shown by a comparison 
with the list published for Holston River by Lewis (’71) which 
however, needs revision. But what I have found is suf^ent for 
the present purpose. 

List Nq. 16, 

A\Iiddle and N^nh Fork Nolston, in Smyth Cb. 

(Tho&e marked • only in Middle Fork,) 

1. Fu^conaia sp.? 

2. Fleiirobcma (possibly 2 species) 

3. Pieur&bema fassifiQns (Lea) 
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4. Symphyuota costaia (Raf.) 

5. minor (Lea) 

6. /llasfnidotita fabula (Lea) 

7. AiasmidofUa margin^ia (Say) 

8. Strophitus edcntuius (Say) 

9. Ptychobranchits subuntiu (Say) 

10. N^phronaias perdix (Lea) 

*11, Nepfirmaiaj copti (Lea) 

12. MEdhnidus conradicus (Lea) 

13. Eurynia nebuhia (ConrO 
■►14. Efirynh disponsa (Lea) 

15. JT wry Mia vanuxemmsis (Lea) 

16. Lompsilis oi’ota ventrtcosa {Barn.) 

17. Lamp^'lt^ muUiradiata (Lea) 

Clinch^ in Taisewell Co. 

L Fusconah hirsa-pastotis (Wright) 

2. Fusconaia sp.? 

3. Qwarfrw/a cylindrka jMgttlaia (Wright) 

4 (probably 2 species) 

5. £//r^^io dUaiotiis (Raf.) 

6. 5yMij^/iyjio/q hohtonm (Lea) 

7. 5 y*n^/iyfiajfo cos fata (RaL) 

8. Alasmidoufa minor (Lea) 

9. Aiasfnidonta marginata (Say) 

10* Sirophitus cdcfitiilus (Say) 

It. Ptychobranchns subtcfthis (Say) 

12. Medianidns conrudicus (Lea) 

13. £wf}.vna ^frfwr^nr^a (Lea) 

14. Eurywa ticbuiosa (Conr,) 

15. i* wry Mia planicosioi{$ (Lea) 

16. Lampsilis oi'ota vaitriccsa (Barn.) 

17. £awt^^ 7 if muIiiradmtQ (Lea) 

18. rriiMriVto haysiana (Lea) 

19. Trujicdh copsaefortnis (Lea) 

These are altogether about 26 species, of which only 6 have 
ocairrcd in our previous lists (Elliptw dHaiouts, Symphynota cos- 
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lata, Aias^nidontu marghiaia, Strophitus edenttdm^ Lampiiiis ovata 
v^ntricosa, Lampsitis vudiiradiala) . All others (^bout are not 
found in the upper Ohio drainage; some have representative forms 
there (Fw^CiJiinin bursa-pasi&rts, Quadrula cyiindri^a strigiltaia, 
Earymia nebuhs^, TruncUIa capsa^formis) * hut others are t>'pes, 
which are not at all represented there {PleurQbcma fossinmis^ Alas- 
midonta minor and fobuia^ the genus Mediomdiis^ Eitryma ptrpur^ 
purea and TruncUIa hayAma are the most important 

ones). 

It should be noted especially that the New River species* EUipito 
dilataius and Alasinidanta marghiota, which are found in the Ten¬ 
nessee drainage, arc not represented by identical forms, 
dihtatiis of upper New^ River is a dwarf race, while the Qinch t>iJe 
is large and normal. The Clinch and Holston type of 
m^trgtnaia is peculiar by its extremely bright color markings. 

The contrast between these rivers is thus clearly established, and 
becomes even more striking, when w^e consider the fact that In gen¬ 
eral physiographic characters these rivers are very similar to each 
other, and further, that the Holston and Qinch, where 1 collected 
in them* are much smaller^ mere creeks* compared, for instance, with 
New River at Pearisburg. 

Summary of Facts Concerning the Wi£5tern Fauna, 

To express it in a few words, the chief features of the western 
fauna are: a imiform fauna goes from Licking River up through 
the whole upper Ohio drainage into the headwaters of the AUe^eny, 
but in the mountain streams tributary to the llonongahela and 
Kanawha a sudden depauptralion is absented and farther above 
very fexv species are present. The fauna of die upper Tennessee 
is related to die Ohio fauna, but has many peadiar elements. As 
a whole, the Ohio fauna is to be regarded as a somewhat dq^au- 
perated Tennessee fauna; this is not so evident from the lists given 
above, but is a w ell-known fact, for which we do not need to furnish 
here particular proof. 
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B. ATLANTIC SIDE, 

Besides tlie writer's own investigations, the foilowing publica¬ 
tions have been used for compilation of the faunistie lists: 

For Delawarcp Susquehanna, and Potomac rivers: Gabb, i 36 (; 
Hartman and Midicner^ 1^74 J Pilsbry, 1^94^ Schidc, 1895; C^ffrey^ 

19IL 

For Janies River: Conrad, 1S46. 

Since the Atlantic side does not form a single drainage system^ 
but consists of a number of rivers running independently to the sea, 
we must discuss these rivers separately. 

I. The Fauka of the Delaware RtvEa. 

This is the most northern system in the region discussed here. 
The following Najades are known to exbl here: 

■ 

List I/. 

1. Afargariiana margarilifera (L,) 

2. Eliipfio cQmpianntus (Dillw,) 

3. Eliiptio fishcrianus (Lea) 

4. Symphytwia tappammtt (Lea) 

5. Anadonta rularurfo Say 

6. A nod 031tm pit cat a Say 

7. Afasmidonta hctcrodon (Lea) 

8. Aiastiiidofita undulota (Say) 

9. Alasmidonta varicosa (Lam.) 

10 . Straphittis nndtdahis {S^y} 

11. Slrophitus cd€ 3 Uiitus (Say) 

12. Euryma ndsuia (Say) 

13. Laf?i^Ji 7 b radiota (GmeL) 

14. cariosa (Say) 

15. Lampstlis ochracea (Say) 

It b to be remarked that no. 3, no. 10 and no. 15 are found ex¬ 
clusively in the tidewater region of the lower I>e!aw are and Schuyl¬ 
kill, and that no. 3 is at the best extremely rare (only once reported), 
and that no. 10 is altogether a doubtful form. No. i is very local 
(uppermost Schuylkill), 
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All the others go up beyond tidewaters, and are found in the 
Delaware River or its tributaries on the Piedmont Plateau. The 
Allegheny Valley and its eastern lioundary being obscured in this 
region, it practically is connected with the Piedmont Plateau. The 
Delaware River proper extends soon into the Glacial area, but there 
are tributaries outside of it west (northwest) of the Blue Mountain 
(Kittatinoy hfountain), belonging to Lehigh Rher. The Lchigli 
itself is polluted; but 1 have collected in this region the following 
species (Princess Cr, and Memolagotneka Ck, at Kunkletown and 
Smith Gap, Monroe Co.; Mahoniug Cr., Leheighton, Carbon Co.; 
and Ligard Cr,, Alantz, Schuylkill Co.). 

I. Elliptio (Dillw.) 

а. Anodonta cataraciit Say 

3, Alasmidotita heierodon (Lea) 

4, Alasmidonta undulata (Say) 

5, Aiasntidonta vartcoso (Lam.) 

б. Stropkihis edeniulvs (Say) 

Possibly the list is not quite complete (Sympkynota tappaniana 
might be here). But I never found all of these species associated 
at a single locality, and it should be stated right here that it i$ a 
genera) rule that on the Atlantic side certain species are of rather 
erratic distribution, being sometimes missing at certain localities for 
no apparent reasons, while at others they may be abundant. 

With the exception of Mdrgaritana margantifera, probably all 
of the Delaware River species (14) were once found in the lower 
part of SchtiylkiU River. Although the fauna of this river has been 
studied for nearly one hundred years, reliable information about the 
details of the distribution of the shells are not at hand. At the 
present time this river is so polluted that the fauna is extinct, only 
in the Schuylkill canal is a rather rich remnant of at least 8 species 
(nos, a, 4, S. 7 , 8 , n. 12. 13 of list no. 17). Thus we cannot form 
an idea of how far the species advanced upstream and shall never 
know this. 

In the headwaters of the Little SeUuylkitl Rivet, In Schuylkill 
Co., northwest of Blue Mountain, a very peculiar species turns up. 
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Margoriiafta margaritvfera, and still exists there, and I have col¬ 
lected it repeatedly in 1909 and 1910. But it has become very rare, 
and b restricted to some small, clear^ and cold moimtaiii runs, in 
which no other Najades are iound* This species stands by itself, 
and, as we shall see below, needs special discussion. 

II. The Fauka of the Susquehanna Rzveb. 

The following is a list of the species, positively known to ocenr 
in the Susqnehanna drainage 

List No. 18. 

1. Enipiio complamiHs (Dillw.) 

2. Symphynoia tappaniatta (Lea) 

3. Anod(?7Ua mtariteta Say 

4. Alasiffidonta andulafa (Say) 

5 * Alasmidonta margitiaia Susquehanna^^ Ortm. 

6. AhsnudantapaHcas<f (Lam,) 

7. Strophitus edentulus (Say) 

8. Li^mpsilis radiato (Gmd.) 

9. Lamp^th eanosa (Say) 

The lower Susquehanna, in Maiidand, is unkno^vn. Possibly, 
the lowland and tidewater species, EUipiio psherianus and Lamp- 
stliS might be found there. And further^ 

heterodon has not been taken in the Susquehanna drainage, although 
it is present to the north and south of it. Even adding these three 
species, the fauna of the Snsquehanna falls short of that of the 
Delaware by three species; four seem to be ah^nt (Margariiano 
margaritifera^ Anadofita iniplicaia^ Strophittis undntutHS, Enrywici 
trorrifa), while Alosmidonta marginaia susquehannae is added. The 
first two species surely rcadi their southern boundary in the Dela¬ 
ware drainage, while the doubtful Strophilus unduhhis seems to be 

ferussacianvs (Lea) has been reported from the head¬ 
waters of the SusctuehaOTia In New York state. It Is not found in Pennsyl- 
vanla, and the New York record should be confirnicd l hut evea when correct, 
this may be neglected, for this species surely docs not betong to the original 
fauna of this system, but is a poslgladal innnigraiUr 
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local, and Eurytiia nasiitg has been reported farther south on the 
Coastal Plain (as far as North Carolina by Simpson; from James 
River by Conrad, ’36; from the lower Potomac by Dewey, '56; and 
Marshall, ^ 95 }■ these localities should be confirmed, since this 

species has been frequently confounded with Ellil>tiQ productus and 
fisherianus, .According to Rhoads (’04), it is also in Sussex and 
Kent Cos., in Delaware, 

The Susquehanna drainage extends not only into the Allegheny 
Valley and into the mountains, but clear through the mountains, and 
encroaches upon the Allegheny plateau. All of the species men¬ 
tioned above go up into this region, but two of them have only a 
limited distribution, and seem to be restricted to the larger rivers. 
These are Lampsilis rodiata and L, cario^a. Both of them go in the 
North Branch to the New York state line. In the Juniata is only 
L, cCfipja (up to Huntingdon, Huntingdon Co.), and in the West 
Branch both go up at least to Williamsport, Lycoming Co, In the 
real headwaters there are only seven species, and they are not always 
associated at a particular locality (generally there are only from 
three to six tc^ethcr). 

One locality is of special interest: this is Cttsh Cushion Crerft, 
in Greene Twp., Indiana Co. This is the most ivestern point to 
which the Susquehanna fauna ad^'ances, and the folloiving species 
are here: 

1. Eliipih cQmpianatits (Dilhv,) 

2. Syinpkynota tappoHiatsa (Lea) 

3. Alasmidotfta t^ricosa (Lam,) 

4. Strophilus edentulus (Say) 

Not very far from here, in Chest Creek, Patton, Cambria Co., 
I found: 

1, RiUptio cojfj^/djiafKJ (Dillw.) 

2, Symphynola tappaniaua (Lea) 

3, Alasmidoiila tmdulata (Say) 

4, Strophitiis edetiiulus (Say) 

Also Aitodmta cataracta Say has been found in this region, in 
Beai’cr Dam Creek, Flinton, Cambria Co. Thus there would be six 
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species in this tippcmiost part of the drainage of West Branch. 
Alasftiidofita murgifutta has not been found here. 

The ^ven species of the upper Susquehanna drainage are the 
same as those of the Delaware, with the e.xceptions that in the 
former AMargariiatta and Alasfjiidonta heicrodon^ are missings while 
in their place Syrnl^hynota tappaniana and Alasmidonta marginaia 
siisqueh^unat turn up. Thus there are five species common to both 
drainages. 

Further investigations may change this slightly. But this seems 
to be assured, that althougb similar faunas esisl in both rivers, the 
Susquehanna falls short by several species of the Delaware, and 
that the lack is made good only in part by the presence of a local 
form, AldSvudouta ffinrgiriiita susquckann^e. 

Ill The Fi\UNA of the Potomac Rivee. 

The following species are positively known to exist in the 
Potomac drainage: 

List Nq. Ip. 

1. FMiptio vQmphnatns (Dillw.) 

2 . EHtpHo prodticius (Conr.) 

3. Symphynotn tappaniatta (Lea) 

4 . cotarncta Say 

5. Alasmidonta utidulaia (Say) 

6. Alasmidofita raricosa (Lam*) 

7. Str&phitHs edentuhs (Say) 

8. LampAlis nxdtaia (Gmel.) 

g, Lampsilis ovaia cohongoronl^ Ortm. 
iO. LaitipsUis rflnVjp (Say) 

II* Lampsilis ijrchracea (Say) 

In addition, there might be, in the lower Potomac, Ellipiw fsh~ 
criamis (Lea) and^uryintn (Say) j these have been frequently 

confounded, but forms like them are positively known to occur in 
the Potomac at Washington. Possibly both of them are there. 
Further, there might be, in the tributaries on the Piedmont Plateau, 
heferodon (Lea), which is found both to the north and 
south of the Potomac drainage. 
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No. 9. Lampiili^ ovata ^o/iongoronta, shoutd be disregarded, and 
dropped from the list of the original fauna of the Potomac, for it 
probably is a modem introduction from the west (Ortmann, 19J2*). 

Thus, including the doubtful forms, there would be 13 species 
belonging to the Potomac drainage. This is two less than in the 
Delaware; while three of the latter arc missing here (Margaritana 
margaritifera, j4nodotit<i tmplicata, StrophUus undniatus), one other 
is added, Elliplio prodHclus. This latter case is important, because 
we positively know that this species is a southern forrii, which 
reaches its most northern range in the Potomac. 

Aside from Elliptio fishenauus and £Hryiiio nasuta, which, when 
present, arc found only in the lower Potomac, three others. Lamp- 
silts radiata, eartosa^ and achracea, arc restricted to the lower parts 
of the drainage, below the gap in the Blue Ridge at Harper’s Ferry. 
Above and to the west of this point, that is to say, in the Allegheny 
Valley and the Allegheny Mountains, only tlte following species are 
present (of course, disregarding tlie introduced no. 9) : 

1. Elliptio complanotus (Dillw.) 

2. Elliptio productws (Conr.) 

3. Symphymta iappaniana (Lea) 

4. Anodonta catariscta Say 

5. Alasmidonta undulata (Say) 

6. Alastnidonta varicosa (Lam.) 

7. Sirophiltts edeniftlus (Say) 

Also here, seven species ascend into the headwaters, and among 
them tliere are a^in the same five {Elliptio complonatus, Anodonta 
calaracto, Alasmidonta uadulata, Alasmidonta varicosa. Slrophitns 

which we have seen to be common to the headwaters of 
the Delaware and Susquehanna. An additional one, Symphynota 
tappaniana, is also found in the Susquehanna, while Elliptio pro- 
ductus is a new clement in this fauna. 

I do not think it necessary to give further particulars. But 
again it should be noted, that the distribution of these species is 
rather erratic, and that they generally arc not all found associated. 
Elltptie product us has not been found yet in the region of the Alle- 
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gheny Valley (Antietam and Conodogumet creeks in Maryland and 
Pennsylvania, Shenandoah River in the Virginias), but it is radier 
frequent in the Potbmac and Us tributaries in West Virginia, Mary¬ 
land and Pennsylvania in the region of the .Allegheny Mountains. 


IV. The Fausa op Rappahaknock River. 


The Rappahaunotk is a Piedmont Plateau stream, and is entirely 
east of the Blue Ridge. I collected near the headwaters about Rem¬ 
ington, Fauquier Co., and Culpepper and Rapidan, Culpepper Co., 
Va. The following is the list: 


List No, so. 


I, comphaatus (Dtllw.) 

2- Eiliptio productus (Cotir.) 

3, Ellipiio lanceolatus (Lea) 

4, Symphytiola tappaniona (Lea) 

5, Alasmidottta heierodon (Lea) 

6, AlasmidoMta utiduhta (Say) 

y. SlropMius edentitlus (Say) 

I give this list only for comparison; probably it is not quite com¬ 
plete. The interesting points are, that Alasmidoma heterodon turns 
up here again, and that there is here, a new, southern form, which 
does not go farther north {Eiiiptio lanceolatits). 

V. The Faun-a of the Upper James River. 

I did not do any collecting in James River east of Blue Ridge, 
and although a few records are at hand from tlic lower James, it 
is impossible to give a compJete list. West of Blue Ridge, the fauna 
of North Rh/er (called Calf Pasture River in its upper part) has 
been studied many years ago by Conrad (1846). I place his list by 
the side of the forms collected by myself in this region; 


List No. 31 . 


Conrad's list 1 
U»h sub planus Conr. 
Unio purpureus Say 


Species collected by myself: 

= T. Lex-infftotiia subplam (Conr.) 
=53. Eltiptio contplanolus (Dillw.) 


ntoc. AMEU, fKit. $QC„ tti. ISO c, paixTBu j'.n.Y 11, i$i3. 
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l/nio lanceoialits Lea, probably = 3* EiUptio praductvs (Conr.) 

4, Syjiiphynota tappaniana (Lea) 
Unio collinus Conr, =5. AlasmidoHta collina (Conr.) 

Atasmodon uitdidata Say =6. ASasinidoHta undulata (Say) 

7. Sirophilus edentutus (Say) 
Vnio cottstrictus Cout- =8. Eurynia (Conr.) 

Alasmodott tiiarfftROta Say 
Anodott cataracta Say 
Attodott margitiata't Say 

I did not find U. lattceotaifts, but in its place £//. product us i$ 
i’ery abundant, so that, I believe, Conrad confused these tivo species. 
Anodonta marginot9 is given by him as doubtful, and we may rest 
assured that this (northern) species is not found here. But it is 
quite possible that Alasmodon margitmia (now Alasmidonta tari^ 
cosa) and Anodonta cataracta arc here, and I do not hesitate to add 
these to my list. My list has two species, not mentioned by Conrad, 
Thus we would have ten species in the upper James drainage. The 
five species common to the headwaters of the more northern Atlantic 
streams arc again here, tiiere is one species {Symphynota tappon- 
iOHs) known from upper Susquehanna and Potomac, one species 
(£//. product us), known from upper Potomac, and three species, 
which turn up here for the first time: 

Lexingiofiiu stibplani^ 
coUina 
Eurynia consirlcta 

These additional elements are undoubtedly more southern types, 
which reach here their most northern station. 

VI. The Fauna of the Uppeb Roanoke River. 

Only the uppermost Rattnoke is known to me. It drains a rela¬ 
tively small portion of the Allegheny Valley, chiefiy in Roanoke and 
Montgomery Cos., Va., and has the following, poor fauna! 
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LUt No^ 22. 

I. EUiptio comptanQi^s (Dillw.) 

а, Str^phitus edaitidus (Say) 

3, Euryniii constricta (Coitr.) 

These species are all found in the upper James^ and one of them 
(no. 3) dearly shows the aflinity with that system. This i$ undoubt¬ 
edly a depauperated fAutiR, correspondingf to the small size of the 
streams. Possibly the record is not complete. Below Roanoke, the 
river is pohiLited, but east of die Blue Ridge there are surely addi¬ 
tional species in this system. 

Summary of Facts Concernisc the Eastern Fauna, 

Full list of all species known to exist on the Atlantic slope (In 
the region investigated): 

List AV 

1. margaritifem (L.) 

2 . jiiif Juftff (Conr.) 

3. ElHptw spiHplafiatiis (Dilhv.) 

4. Etlipiio fisherianus (Lea) 

5. EUiptio producius (Conr.) 

б. EiliptiQ hnteol^itus (Lea) 

7- Symphynota tappamam (Lea) 

8. cataraci^ Say 

9 . AfiodQfita implioiSa Say 

10, Alasmidanta coUifm (Conr.) 

11, Aiasmidonia heierodon (Lea) 
la, Alaswudt>nm miduiata (Say) 

13. Ahsniidania mat^irmta sMsquchannae (Ortm.) 

14. Alasmidcnta varicosa (Lam.) 

15. Sir&phitns nvdidotus (Say) 

16. Stf&philus edeniuhts (Say) 

17. Eurynh constncfa (Conr.) 
iB, ^HryMtu Horii^o (Say) 

tp, LampAEs radiota (GmeL) 

20. LaffipsHis rqriDJd (Say) 

21. Lampsilis ochracea (Say) 


322 


ORTMANN-THE ALLEGHEXIAN DIVIDE- 


[Aprii 1$, 


Lampsilis oxa/d cohi^ngQronta Ortm. has been dropped as not 
indigenous on the Atlantic slope. 

Tlie folloiviug facts are obser\Td: 

1, Probably 5e%'en species of these have a rather general distri¬ 
bution. In five of them this is perfectly dear (nos. 3, 8, 12, 14, J6)* 
but probably also nos, 7 and 11 fall under tliese: they only may 
have been overlooked in certain regions. 

2. There are six forms, vvhigh apparently have a mote nortliern 
range, disappearing toward the south, nos. 9, iS+ 19, 20, 21. The 
last four have the peculiarity in common that toward the south they 
become more or less restricted to the coastal plain. 

3. On the other hand, there are six forms, which have their 
center more toward the south and disappear toward the north. 
These are die nos. 2^ 4, 5^ 6, 10, and 17. 

4, Of the two remaining forms, no. 13 is a local form of the 
Susquehanna dratnagCt white no. 15 is altogether doubtful, but may 
be a local (tidewater) form of no. t6. 

Compared with the western fauna of 47 species (Ust no- i), the 
Atlantic fauna is decidedly poor (less than half the number of spe¬ 
cies). But in the Ohio w^e notice a general and marked decrease of 
species In the headwaters, so that there are only fourteen species 
in the headwaters of the .Allegheny River, In the eastern drainage 
systems, there is also a slight decrease toward the headwater, but 
this is much less in proportion^ and in the mountain region we have 
yet thirteen species (nos. i, 2, 3. 5, 7t Sr 12, 13, 14, 16, 17). 

Thus we may say, thati disregarding a few species restricted to the 
lowlands and the larger rivers, ihe fattna &f th^ Athntk sireQjns 
remains, in each fitter system^ rather uniform up to the hetsd^^aiers, 
decreasing hardly in the number of species. 

Further, in the region of the hcadw'aters of the Monongahela 
and Kanawha, the conditions are actually reversed. Here only very 
few species {not more than three) are found in the western streams, 
W'hile the eastern streams (Potomac^ James) have decidedly moreT 
the James, for instance, at least eight, possibly ten. Thus the At- 
Ion he fauna is here ncher than ih^ western, 

But the Tennessee fauna (list no. 16) again holds its own, and 
the Atlantic fauna falls by far short of it 
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Systematic Affinities of the Najades of the Interior Basin 

AND OF THE ATLANTIC SLOPE, 

Tn order to understand the mutual relations of the western and 
eastern fannaSp whidip as we have seeiip are at present rather sharply 
distinguished, it is necessar}' to consider the systematic affinities of 
the forms belonging to either. 

Up to a comparatively recent time the natural system of the 
Najades was extremely obscure- However^ the great synopsis of 
Simpson (ipooff) has paved the way for a proper understanding of 
the relationship of our NajadeSp and the more recent papers of the 
present writer {chiefly iQiao) have furnished what is bdieved to be 
the natural system, expressing, as far as possible^ the genetic affinities 
within this group. 

Using this system as a guide, the following remarks are to be 
made: 

r. The general fauna of the upper Ohio drainage (list no. i, p. 
291) contains no less than seventeen genera^ which are not found on 
the Atlantic side, namely: 


Pusct^naia 

Crenodmia 

{^tiadrttia 

RotufidiiriQ 

PIcifwhasus 

Plcurobema 


Hemitiistnm 

Ptyck&branchus 

Obltquaria 

Cyprag 0 ii<^ 

Ob(n-aria 


A mygdalonaias 

PtagioJa 

Paraptera 

Praptmi 

TmncUla 


This is entirely sufficient to show the tremendous difference bc- 
twTeti the two faunas^ and demonstrates clearly that ilte Allegheny 
Moutfiaiits formed an iwi^£?r/aji/ framVr Iq the eastivard distribution 
of the bulk of the 7 vesiern fauna. No further discussion of this is 
required. 

II. The fauna of the headwaters of the Allegheny River (com¬ 
bined lists 6, 7, 8p 9, p. 301) contains five species (out 0! fourteen) 
which arc typically western and belong to genera just mentioned: 
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Fiuconam undata rubigmosa 
PleHr&bciJia obiiquum €Oc€m^Hm 
PUurobenia dava 
Ptych 0brQn chus phasedus 
Obovaria c trad us lens 

Another one, Sympkyfwta cos lata, should be added, since, 
although the genus is found in the east, the subgenera are difFerent 
(Lasmigona and Symphynafa). 

This shows that although a number of the typical western genera 
have gone way up into the headwaters, they fiot been able to 
cross the dtdde. 

III. On the Atlantic side (see list no. 23) we have t^vo genera 
and Le.ritigtonia), which are not found in the interior 
basin. Margaritom has, indeed, a related form (Cnw^Jer^oitdiii 
7 iiQnodonta (Say)) in the Tennessee and Ohio drainage, but there 
is probably no direct genetic connection between them, and the his- 
tory of MargaritGno^ as will be seen below'^ is a case by itself, 

I\^ Lexingtonia is possibly related to and descended from cer¬ 
tain interior basin forms (such as and Pleurobema)^ but 

the relationship is remote, and for all practical purposes we may 
class it with the cases to be mentioned presently. These are the 
following forms (of list no. 2^): nos, 3, 4, 5, 6 (the four species of 
Ellipiio), and nos, 10^ ii, 12 {/ihsmidonta cotiina^ heterodon^ mm- 
d»/afa). All these are forms of the respective genera, which have 
wo closely aiiied or representative forms on the western side, although 
the genera are represented there. 

Attention should be called to the fact that Lexingtonia, three 
species of EUiptio {fisherianuSj product us, lanceolatns) and / 4 ;ajfWi- 
donta coliina undoubtedly belong to the southern elemetit in the xAt- 
lantic fauna, and that their distribution northward is limited. How¬ 
ever, it is also probable that BUtpiio complanatus, Atasmidonta 
Iteterodon and MtidwIoM belong to tlic same class. The first and 
third are undoubtedly southern in their affinities, and allied species 
arc frequent upon the southern portion of the Atlantic slope (in 
the Carolinas and Georgia). This is not so clear in the case of 
Atasmidonta heteradon. Here it has the appearance, as if the dis- 
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tribulion might b« more northern, but this ntay be due to defective 
knowledge of the facts. 

V. Another group of Atlantic species fiflf dosely alOed species 

iH the interior No. 17 of the list, Eurynia (Mkromya) con- 

stricta, has a representative form in the upper Tennessee drainage 

(Microwijo) vattHxemcttsis). Six others (nos. 8, 9, 14, 
19, 20, 31 ) have closely related, indeed representative forms, in the 
upper Ohio drainage- The relation is as follows: 

no. 8 and 9, Atiodonla catariurta and implkata, represent the 
western Anodonto grandis. 

no. 14, tar/fpjo, represents the western Alasmi- 

donta morffinatff. 

no. 19, Loj«p^t/iJ radiato, represents the western Z.fl»«^s» 7 r.r 
Inteoio. 

no, 20 and 2i, cariosa and eciiracea, represent the 

western LampsHis ot'o/o venirkosa (and its allied forms). 

It should be noted that just these -Atlantic forms arc preemi- 
nently those which have a more northern range upon the Atlantic side- 

VI. Finally, there are four species on the Atlantic side, which are 
specifically identical itilh western f orms. Particulars are as follows: 

no. 13, Alasmidonta marghata sitsqiteliannae, is a local form of 
the Susquehanna drainage, closely resembling tlic widely dis¬ 
tributed western Alasmidonta marginata. 

no, 7, Symphynota tappoislana, is represented on eiliter side by 
an absolutely identical form. But here the distribution is 
rather general on the eastern side and local on the western 
(ICew River). 

no. 16, Sfropkitus edenhdus, is absolutely identical on either 
side, and also tvidely distributed, east as well as west. But 
it should be noted that it is apparently absent in New River. 

no. 18, Eurynia nasvta. Here we see that the identical species 
is on the Atlantic side and in Lake Erie basin, but not in the 
upper Ohio drainage. 

We see at once dtat these cases apparently are not subject to the 
same laws, and further below they shall be treated each by itself. 

Tlicre remains yet one of the Atlantic forms, no. 15, Sirophitus 
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tindufalus. VVe must dismiss this for the present, for we do not 
know' much about its ta:xonornic standing and its distribution. This 
rnay be nothing but a local form of Strophitm edeHtutus, and then 
it would have to the latter the same relation as Lampidis ockrat^ea 
has to L. cariosa (the former is the tidewater form of the latter). 

As a w'hotc, fhe Altatitic fattatt sboidd be regarded as an affshoot 
of the fauna of the interior basin, with the exception of Margaritana 
margaritifera. It does not possess any very strongly marked types 
of its ow'n. but all may be traced back to w'estem types. How¬ 
ever, there are different elements on the Atlantic slope, which ap¬ 
parently reached their present range by different ways, and probably 
at different times. The greatest independence is shown among 
tliose which are found in tlie southern section of the Atlantic slope, 
and there is an indication of the development of a secondary center 
of dispersal in this region, producing a few characteristic types, 
more remote in their affinities from die forms of the interior basin. 
The other forms are generally more or less closely connected with 
w'estern species, in fact, clearly are representative forms of them. 


CllAfTER 3, 

Distributiosai, Facts is' other Fheshwateh Animals. 

Before we advance further In our attempt to study the mutual 
relations of tlie eastern and western freshwater faunas, it is well to 
compare a few other groups with the Najades, in order to ascertain 
whether there are parallel cases to those described above. 

1. SPHAERIIDAL 

For the identification of my material I am indebted to V. Sterki. 
Although I have collected a great many from the streams 

of Pennsylvania, West Virginja, and Virginia, my collections arc by- 
no means complete. Nevertheless, as far as they go, thev serve to 
conbrni the well-known fact, that with regard to these small shells, 
the Alleghenian divide does not form an important faunistic bound¬ 
ary. Thus the SphaAida: distinctly differ from the Najades, and 
undoubtedly must have been subject to other law-s. 
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It IS not necessary to give a detailed accounr of the single species; 
it suffices to enumerate those species which I have before me from 
both sides of the mountains! 

Sffh^rium sult^tum (Lam.) 

Sl^h^rium solitiulum (Fr.) 

^fammeum (Conr.) 

Sphwriufn siriatmum (Lam.) 

AMusciilsum iransversum {Say) 

Musculium truncutum (LinsL) 

Pisidintn TArgmicum (Gmel.) 

Pistdium compressum Pr, 

Of course^ these examples will become more numerous when 
more exhausting studies have been made. 

-Altogetherj we may safely assume that it is a general rule among 
this group, that the distribution is not influenced by the Alleghctiian 
divide. As w^e have seen above, this condition is extremely rare 
among the Najades. In the present ease, the distribution of the 
Sphijcriidis: seems to have been formed under the influence of one 
great general factor* which probably is the faculty^ of these shells to 
cross over divides, presumably by being transported. It is very 
pertinent to bring this out here most emphaticallyp because, as we 
have seen^ this factor has had very little or no effect among the 
Najades, as is shown by the entirely different character of their 
distribution. 

II. GASTROPODA. FAMILY ; PLEUROCERlDiE. 

The identifications have been kindly furnished by A, A, Hinkley. 
I have a rather satisfactory material of this family, although the 
records arc not as complete and exhausting as in the Najades. 

The whole character of the distribution of these freshwater snails 
is like that of the Najades^ and, consequently, it is indicated that no 
exceptional means of dispersal (transport) have played a part. The 
range of the species follows rather closely the river systems, and 
£ht effect &f the AUeghenlan divide as a burner is quite evident^ 
Two facts, however, are to be regretted, first, that in the region 
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investigated the number of species is not very great* and second* that 
the natural affinities within this family are yet entirely obscure. 
Nevertheless, some interesting points are easily observed, as will be 
seen from the following account, 

A* The uffer Ohio dsatnage in western PennsyWania and 
West Virginia has the following species : 

1. PlenroCifra caridkidainm (Say) 

2. Pkurocem aUip^tum Anth. 

3. Gonkbasis livi^scetis (Mke.) 

(incl. var depygis (Say)) 

4. Goniobasis iranstucerts Anth. 

5. /incHfojff dihkia (Conr.) 

It is to be remarked that the two Pfeuroceras are restricted to the 
larger rivers; no, i is in the Ohio proper at and below' Pittsburgh* 
and has also been found as far up as the low*er Youghiogheny m 
Allegheny Co.* Pa.; while no. 2 is in the middle Allegheny up to 
Venango and Warren Cos. No P/i:ifrQrfraj have ever been found 
in any of the smaller streams. 

Coniob^is livescens is in the Beaver drainage, and in that of 
French Creek of die Allegheny (also in Lake Erie), and it appears 
as if this species should be classed w'ith tliose Najades wliich have 
been mentioned (on p. 291, footnote 2) to be peculiar to those 
drainages. The Ganiobasis-sp^i^ of the Allegheny River, begin¬ 
ning in the Ohio River below^ Pittsburgh, and going up through 
Armstrong, Venango, Forest to VVarren Co., is, according to Hink- 
ley* G, tmfuhiC£ns^ and this species is abo abundant in the drainages 
of Beaver River and French Creek. 

Except in the lower Youghiogheny, where (many years ago) 
Pleun^tera canalkulatum has been found, no species of Phur^ic^a 
or are known from the whole Monongaheia drainage. 

I have no doubt that some existed once at least In the lower Monon- 
gahcla, but the pollution of the waters apparently has exterminated 
them, and no records have been preserved. The upper Yough¬ 
iogheny, where the water is dear* is entirely without P/t*urorertd(F| 
and this is positively established, for a search has been made for them. 




ORTMANK—THE ALLEGHENIAN DIVIDE. 


32d 


This is a fact which should be emphasized, for in the head¬ 
waters of the Monongaliela, Affculosa dilaiula turns tip. This is 
found in the lower part of the Cheat at Cheat Haven, Fayette Co., 
Pa., and goes up through the canyon into the headwaters (Shavers 
Fork, Parsons, Tucker Co., W. Va.); it is also in Tygart Valley 
River, at Elkins, Randolph Co., W, Va., and even in the plateau 
stream, West Fork River, at Lynch Mines, Harrison Co., W* Va, 

No Anculosat are found in the rest of the upper Ohio drainage 
in western Pennsylvania. 

Farther south In West Virginia our knowledge probably is frag- 
mentarv. In the Kanmcha drainage^ no Pieurocerids are knotvn to 
me, except Plcurocera validvm Anth, in Elk River; and New* River 
and Greenbrier rivers, at least from Hinton upward, contain Aticu- 
hs9 dilatata (Conr.), The latter is exceedingly abundant in this 
region. 

In the Big Sandy, at Prestonsburg, Floyd Co., Ky„ I collected 
Pleiirocerif titidale Hald,, a species which is also found in Clinch 
River. Licking Eiwr at Farmer, Rowan Co., Ky., has Plenrocera 
cylindmccitm Lea. 

It appears that there is a certain correlation in the distribution 
of the Pleuroceridee and the Najadcs of the upper Ohio drainage, at 
least as far as it concerns the genera Ptcurocera and Cattiabasis. It 
is w'cll knoivn that the greatest variety of forms is found in the lower 
Ohio and its tributaries, and it is suggested that this fauna has 
migrated upstream, and that there is a general decrease in the num¬ 
ber of species in an upstream direction. But the different tributaries 
of the upper Ohio seem to have received or have developed different 
Species. In addition, most of the species do not go very far into the 
headwaters, and the smaller streams generally do not contain Plettro- 
ceridcr, or only rarely so.* 

One very remarkable fact is to be noted. In the headw-aters of 
the Monongaheta, excluding the Youghiogheny, and also in the 
headwaters of the Kanawha (New and Greenbrier rivers), Aneuhsa 

'This, however, is different in the Bearer drainage, where species of 
Geniobasis are found in small cretAs. But the charaelerislic species, C. tiwf- 
ceus, probably did not come up the Ohiov but came “across country" from 
the West. 
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is the only genus found, and I'l is represented in oH these streams tv 
one and the same species, A, dilatata. This genus is not found any¬ 
where else in the whole upper Ohio drainage in West Virginia and 
Pennsylvania, but it is represented on the Atlantic side by a cloidy 
allied and widely distributed species. It is perfectly clear that this 
case does not submit to ttie same laws which governed the Xajad 
fauna and the other Pleurocerids of this region. Further particu¬ 
lars will be given below. 

As regards the upper Tennessee fauna (Clinch and Holston 
rivers), we ha%'e here again a rich development of Pleurocerids, as 
is well known, I do not think that my collections represent this 
fauna fully, but I hax*e collected the follou'ing species; 

1. /o jffiK'ja/iJ (Say) (Holston and Clinch) 

2- Plevrocero estabrooki (Lea) (Holston) 

3, Pkuroeem knoxettse (Lea) (Holston) 

4. Pleurocera ttndak Hald. (Clinch, also, as we have 

seen, in Big Sandy.) 

5, Coniohasis simplex (Say) (Holston and Clinch) 

6. Ancidosa gUtbosa Lea (Holston and Clinch) 

lo is a type entirety peculiar to this region. Except PI. wiciale, 
which is also in the Big Sandy, the others have no striking relation¬ 
ship to any of die species mentioned above from the upper Ohio. 
The Atteuhsa may have a somewhat closer genetic relationship with 
the Anciilosas farther north, in New River, etc., but morphologically 
they are distinctly separated. 

Thus it is clear that the PleuroceridAaxsaa of the upper Ten¬ 
nessee undoubtedly corresponds to the Najad-fauna of this region, 
and probably has had a similar history. 

B, PtEUKOCERID.® OF THE ATTANTIC SiDE. 

The genus PIcurocera is entirely missing on the Atlantic side. 
Goniobasis is represented by two species:^ G. virgMea (Gmel.) and 

’ AdditioHal species are louitd from North Carolina southward. C. pi/ct- 
fipn'opro Lea has been reported (Tryon, '66, p. 31} from Bath Co., Va. (orig¬ 
inal locality; ikbit Hot Springs, drainage o£ Jackson River). This species is 
unknown to me. I CDllected in Jackson River at Covington, Alleghany Co^ 
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G. symmetrica Hald. The former is common all over the Delaware, 
Susquehanna, Potomac and James river drainages, and has been 
found practically ever>Tvhere, possibly with the exception of the 
smallest streams in the headwaters. This species has no closely 
allied or representative form in the upper Ohio drainage, but if 
Tryon's arrangement of the species (lS66, p. 39 f.) is natural, re¬ 
lated forms are found in Tennessee and Alabama. It is unknown 
how far this species ranges southward, but according to our present 
knowledge, It seems that it belongs rather to that group of fresh¬ 
water forms, tcAir/i paint in iheir afmiiies to a center lying on ihe 
southern Atlantic shpe. 

Specimens of a Goniobasis collected by myself in Mason Creek; 
Salem, and Tinker Creek, Roanoke, Roanoke Co., Va, (Roanoke 
drainage) have been identified by Hinkley as G. 53iinijie/rico,aspecie5 
reported {Tr^on, ' 66 , p* 30) from West Virginia, East Tennessee. 
South Carolina, North Georgia^ and Alabama. But there is much 
uncertainty' about this, and West Virginia seems to be more than 
doubtful. One fact, however, is sure: this species is not found 
north of the Roanoke on the Atlantic side. Thus also this appears 
as a southern type, and should be classed with the same group as 
C. -E^V^ffltCU. 

In addition tliere 1$ a species of »^iiru/o^a on the Atlantic side: 
A. cariiiata (Drug.). This is absent in the Delaware drainage, but 
extremely abundant in the systems of the Susquehanna, Potomac^ 
James, and Roanoke, and goes far up in the mountain streams. 
This species is very closely allied to A. dilatota of New River and 
the headwaters of the Monongahela, and undoubtedly stands in 
closest genetic relationship to it. In fact^ these tw'o species are so 
intimately allied on the one hand and are so polymorphous on the 
other, that it is extremely hard to disiinguish them. It has been 
mentioned that they also have an allied but more sharply distim 
guished species in the upper Tennessee (A, gihbosa)^ 

There is no doubt that we have to class this case with those of 
the very closely allied or identical species of Najades on either side 

less than twenty mites from Wot Spring's, but only Ancuhsa eartnain was 
there, in various forms, some of which resemble very much Lea's figure of 
Gr tiitktinianar 
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of the divide. The present case most resembles that of Symphynota 
tappaniana, where we have a species found both in New River and 
on the Atlantic side. The range of the latter is not entirely identical, 
for it is not found in the Monongahda drainage, and goes, on the 
Atlantic side, farther north, while . 4 . corinata only reaches ^e Sus¬ 
quehanna in which it goes up to New' York state. 

III. FAMILY: VIVIPARID.E; GENUS: C.\MPELOMA RAF. 

Also in this group we lack a modern revision of the species, and 
there is much uncertainty with regard to the geographical distribu- 
tion. What 1 have collected in Pennsylvania, West Virginia and 
Virginia apparently falls under three described species: Csmpehma 
dec'mim (Say), C. rufum (Hald.), and C. ponderosum (Say), and 
with the first one I unite as undistinguishable, what has beeii called 
C, integrum (Say). At any rate, I am not able to distinguish the 
common form of the upper Ohio drainage in western Pennsylvania 
and West Virginia from the common form of the Atlantic side 
(from Delaware to James). The identical form is also in Ginch 
River. 

C. decisum scents to prefer the larger rivers, but h is not absent 
in the headwaters, and I have it from the mountain region on either 
side of the divide (Shavers Fork, upper Tygart system, Greenbrier, 
uppermost tributaries of Allegheny, and many places in the head¬ 
waters of the Potomac and James). Consequently, this would be 
again a case where on ideutkal species is found on either side of the 
divide, and where this divide docs not form a harrier to the dis- 
tribution. 

Of the other two species, C ntfum is known to me only from 
northwestern Pennsylvania, in the Allegheny and its tributaries 
(French Creek) and in the Beaver and Little Deaver drainage Tliis 
looks very much as if it belonged to those forms, uduVfi invaded 
Pennsylvania from the uvst, coming "across country.” (After all 
this may lie only a local form of C dccisutn, with which h h often 
found asisociatcd.) 

T found C. ponderosum only in Elk Creek, West Virginia, and 
farther down in the Ohio (Portsmouth, Scioto Co., Ohio). Here it 
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i& the only Campdoma present, and it should be emphasized that in 
the upper Kanawha drainage, in Greenbrier River^. net this speciesj 
but C. decuutn is found, 

. C. rufumund pander&sum have m representatives on the Atlanric 
side, and clearly belong to the fauna of the upper Ohio River, 
although they probably belong to different parts of it. 

IV. DECAPOD CRUSTACEANS: THE CRAYFISHES OF THE 
GENUS CAMBARUS. 

The conditions presented by the distribution of the crayfishes 
have been discussed by the writer with regard to the state of Penn¬ 
sylvania (Ortmamt, 1906). These studies have been continued to- 
ward the south, and most of the facts given here for Virginia and 
West Virginia are new and add considerably to our previous knoiivl- 
edge. Of course, a certaui ecolc^ical group is to be disregarded 
here, the burrowing crayfishes, for they do not live In open w^ater, 
rivers or creeks, and do not depend in their distribution on drainage 
systems (CufMiurMJ cardiriusET^.C.fnonong^Iends Ortm.,C.diogcjies 

Giro. 

A. The following river and creek forms are found on the w^est- 
ERN SIDE of the mountains. 

obscarus Hag. This species belongs to the upper Ohio 
system, from hfoundsville^ W, Ya., in the Ohio, and from Fishing 
and Fish Creek upward. But it should be noted that subsequent 
invcsligations have shown that It goes a little farther down in the 
Ohio proper, for it is in the river at St Mary's, Pleasants Co., W. 
Va. fn the Allegheny River this species goes up tp tlie headwaters 
(Coudersportp Potter Co., Pa.), and also in the tributaries (Red 
Bank, Mahoning, Crooked), except in the Kiskiminetaa-Conemaugh, 
where it goes only to the mouth of the canyon at Blairsville, w hile 
it goes up into the upper Ivoyalhanna in Westmoreland Co. Thus 
ihc Conemaugh resembles tJie conditions seen in the more southern 
mountain tributaries of the Monongahela. In the latter this species 
goes only to the low'er end of the canyons, and is not found in the 
upper parts (Yougliiogheny, Cheat, Tygarl), while in the plateau 
stream, West Fork River* it is found nearly to the sources (Weston* 
Lew is Co., W. Va,). 
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Cain 5 ori(i^ propinquus sanborni Fax. As has b«cn shown in my 
previous paper, this species takes the place of C. obscurtts as the 
river-species below the lower boundary of the range of the latter. 
In the Ohio proper, C pr&pinqtifis sanbonti has been found at 
Parkersburg, Wood Co., and at Ravens wood, Jackson Co., W. Va. 
It is also present in the tributaries of the Ohio in this region. An 
additional locality in the drainage of Middle Island Creek is McKim 
Creek, Union Mills, Pleasants Co., W, Va. It is in the Little 
Kanawha drainage in North Fork Hughes River, Cornwallis, Ritchie 
Co., and in the Little Kanawha River, Burnsville, Braxton Co., W. 
Va.* From the Kanawha drainage 1 have it from Elk River, Qay, 
Clay Co., and I collected it also in Mud River, Milton, Cabell Co„ 
which is in the Guyandot drainage. Although I did not get it in the 
Big Sandy, h is surely there, for its type locality (according to 
Faxon) is Smoky Creek, Carter Co., Ky, (I could not locate this 
creek, but a place called Smoky Valley is in western Carter Co., and 
is in the Tygart Creek drainage; Little Sandy and Tygart Creek fall 
into the Ohio below the mouth of the Big Sandy.) Beyond this, 
this species disappears, and its place is taken by the next, but I have 
ascertained this only in Renvan and Fleming Cos,, Ky. 

Caffi&orifs rHJfiViif Gir. This is the river-species of Licking 
River, which flotvs into the Ohio below Cincinnati. The old record 
for this species, Cincinnati, would thus be confirmed. I found this 
species in Licking River proper at Farmer, Rowan Co., and in the 
tributaries, Triplet Creek, Morehead, Rowan Co., and Fleming 
Creek, Pleasant Valley, Nicholas Co,, Ky. 

Cantbarus spinesns Bund. This is the representative species of 
C mj/iVirj in the upper Tennessee drainage, and 1 found it in Clinch 
River at Richland and Raven, Tazewell Co,, Va. From this center 
of distribution it has crossed O'vcr into the Gulf and Atlantic drain¬ 
ages in Georgia and South Carolina, but this docs not concern us here. 

In a general way, these river crayfishes show the same geograph¬ 
ical features as the bulk of the Ohio River shell fauna. The species 

•These two localities arc interesdnai for they approach closely localities 
in the West Fork River, at Lynch Mines, Harrisoit Co,, and Weston Lewis 
Co., where C. ob-ictirus is found. 
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of the propinquus group and pfoptnquus have 

the same peculiarity as the Najades, in going up, in the rivers, only 
to the falls line in the mountain streams of West Virginia and south¬ 
ern PerLiisjlvaniaj while in the upper Allegheny they go up nearly 
to the sources. The fact that in the Kiskiminetas-Conemaugh they 
do not follow the Najades into Somerset Co., and that thus this river 
Tesembles the southern ones; and that then again the upper Loyal- 
hanna conforms with the northern streams, is not very' astonishing, 
for the Kiskiminetas system, being geographically intermediate, 
should also be expected to form faunistically a transition. 

These crayfishes, however, differ from the Najades, in present¬ 
ing a uniformity of the upper Ohio fauna only in so far as they are 
systematically closely allied^ belonging all into the same natural 
group* But specifically they are quite sharply distinct, and /fuiir 
indkat^j in their distribution, three faunisiicdiiy different sections: 
the upper Ohio is characterized by C obscnrus, farther down C pro- 
pinquus swibomi takes its place, and finally* beginning with Licking 
River, C ruslkus turns up, and this species has a representative also 
in die upper Tennessee, C. spinosus^ 

These conditions are important for the history of the crayfish 
fauna of the Ohio basin, and suggest* as I believe^^ that the Najad 
and the crayfish population of this system was not entirely subject 
to the same laws. 

Ceiwj&nrit^ bartoni (Fahr.), This is not a river species* but a 
species of the small and smallest creeks, going up to the very springs. 
It is found everywhere on the western side of the mountains* for 
instance, Black water River and Shaver ^s Fork, small runs tributary 
to Buckhannon River, upper New River drainage (Reed Creek), 
and small runs tributary to Clinch River, It is also on the Atlantic 
side (seebelow), 

Caniborus tongulus Gir* Is found, on the w^estem side* only in 
the upper Kanawha drainaget Greenbrier and Kew Rivets, and also 
in the upper Tennessee drainage, Holston and Clinch, It is also on 
the Atlantic side (see below), 

PtOC, AMKR, Hill*, SOC,, Lll, 3IO FRIETTED JULY II, I^IJ. 
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B. Crayfishes of the Atu^ntic Side. 

Canibarits blandingi (Harl). Tills species has not been treated 
in my report on the Pennsylvanian crayfishes, but I liavc discovered 
subsequently that it is present in great numbers in the ditches of the 
Delaware meadows at League Island, Philadelphia, Its distribution 
is from New Jersey to Georgia, and in a sliglitly different form (var. 
acittus Gir,) it extends westward over the Gulf plain to Texas, and 
northward into the interior basin, Tlie existence of related species 
chiefly upon the Gulf plain (Ortmann, 1905, p. 105) indicates that the 
ceji/er of this specks ij 01 the soittheastem United Stales, and there 
is no question that it reached our section (from Virginia northward) 
by migration coming from the south. Thus it dearly belongs into 
the same group to which those Najades belong, for which we have 
located the center of dispersal in the southern parts of the Atlantic 
slope. 

Cambariis HmoSiis (Raf.) A species confined primarily to the 
lowlands and Piedmont region from New Jersey to Virginia, but 
which has gone up, in the Susquehanna and Potomac, into the moun¬ 
tains, possibly only secondarily. The facts of tlie distribution have 
been complied in my former paper (1906, pp. 425 ff.), and the con¬ 
clusion was reached (p. 432) that this is a form belojtgitig to the 
nortih^rn section of the AHatilic slope, and that its connection wdth 
the western forms allied to it is around the northern end of the 
Appalachians, Thus it clearly falls into the same category with 
certain Najades mentioned above. 

Cainbarus obsatrus Hag. This western species exists in the 
upper Potomac drainage. I have previously (1906) considered this 
as an accidental introduction, and more recently pp 51-54} 

I have parallelized this case with that of Lamp^tis ventricasa cohon- 
goronta, as due to artificial transplantation. Thus this is not an 
original feature of the Potgmac drainage, and should be disregarded. 

Canibarus prauHTiuftij' Fax, A species, known hitherto from the 
Atlantic drainage only in North and South Carolina, and also re¬ 
ported from French Broad River in North Carolina, tributary to the 
Tennessee. On the Atlantic side, however, this species extends 
farther north, and I have found it In Mason Creek, at Salem and 
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in Tinktr Creek, at Roanoke, Roanoke Co.,Va. (Roanoke drainage), 
and in Mountain Run, Culpepper, Culpepper Co., Va. (Rappahan¬ 
nock drainage). Althougli differing from C. blaitdingi in not be¬ 
longing to the coastal plain, but rather to the Piedmont plateau, or 
even the mountains, the direction of its distribution apparently was 
the same, from south to north, and thus it clearly belongs to the 
soutfient element of the Athntic fainta. In the fact tliat the same 
species is also found in the Tennessee drainage, it resembles to a 
degree the case of EnryKio eonstricta and tffwif.rfflictiJiJ among the 
Najades. But this may be disregarded for the present, for it does 
not concern the region under discussion. 

Cambarus bartoiii (Fabr.). All over the .Atlantic side, also south 
of Pennsylvania, and I collected it myself, for Instance, at Charlottes¬ 
ville. Albemarle Co., Va,, and additional records arc to be found in 
my former list of localities (1906, pp. 382-384), Here we have a 
sfeties of uide owd general distribution both on the ii'eslern and 
fuitcrfi side of the mountahts, going up Into the very headwaters 
within the mountains. Tims it is clear tliat the divide has not acted 
as a barrier in this cast, which I have explained by the exceptional 
means of dispersal possessed by this species in consequence of its 
ecological habits. This species is able to cross divides. 

Comborns hngulus Gir. We have seen that this is in the upper 
Tennessee and the upper Kanawha, on the western side. On the 
eastern side it is a common form in the upper James drainage (Jack- 
son and North Rivers). It also has been reported from the upper¬ 
most Shenandoah drainage, South River at Waynesboro, Augusta 
Co., Va. 

This distribution clearly resembles that of fo^^nni- 

ojio among the Najades, and that of the genus Anculosa among the 
PSenroceridi^, and there is no question that similar factors have con¬ 
tributed to bring this about, although in each of these cases certain 
peculiarities are observed. We shall devote more time to this far¬ 
ther below. 
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CUAPtER 4. 

Summary of Distributionau Facts which call foe an Expla- 

TION. 

The above is the faunistic material which I have been able to col¬ 
lect Comparing the facts observed in the different groups of fresh- 
tt-ater animals discussed, several classes have been brought to our 
attention repeatedly, and they may be condensed under the following 
generalized heads. 

I. Westers Side, 

I. The Alleghenian divide aclually forms a sharp fftsinistic bound¬ 
ary for a great number af freshwater creatures. This is most evi¬ 
dent for the forms of the interior basin, which go up to a greater 
or lesser distance in the upper Ohio drainage, but do not cross the 
disdde. To these belongs the huUt of the A'a/od-fauna; the genus 
Pienrocera and the western species of Cortroirojir, among the Fleu- 
TOceAda; at least one species of Campeiaina (C. poaderasum) ; and 
the group of Cci7nbarus rustic us and propinqiius of the crayfishes 
(which are closely allied). 

In a general way the interior basin fauna appears (tr a a 
number of species, cliiefly Majades, being found uniformly in all 
parts of tbe Ohio drainage, from the upper Tennessee region to the 
upper Allegheny River. 

2 , Nevertheless there arc Indications of a differentiation into sev¬ 
eral sfibdhdsions, which may be described as follows: 

(o) The most sharply differentiated part is the tipper Tennessee 
region, and to this belongs probably the whole Cumberland-Ten- 
nessce drainage. This is dearly seen in tlie Najades, in the Pleuro- 
cerid^, and in the existence of a peculiar species of crayfish, Cam- 
barns spittosus, belonging to the rwrfiVirj group, 

(&) Another part comprises the iMuiu fpimo of the Ohio, chiefly 
of the middle and upper parts, and its tribiilarits. This fauna shows 
preeminently the Hfii/orMiifv mentioned above, and goes from Lick¬ 
ing and Big Sandy rivers in Kentucky to the upper Allegheny, in¬ 
cluding the Kanawha and Monongahela, In the Allegheny this 
fauna goes to the headwaters. But in the Kanawha and Monon- 
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gahela it gets ottiy up to a poi»t at the timber end of the c<JnyoiJ of 
the mountain tributaries. This latter feature is expressed in the 
Najades, and also in the genera PUurocera and CoMi'ofeafij in the 
PleuroceridcF. Also the crayfishes of the fropiMgitiU-group (Ca»i- 
bartis pFOpimjutis sanboeni and C. oticiirHj) show it distinctly. 

(r) A third part is the rfsrroii of ike headwaters of the mountain 
streams, tributary to Kanawha (New and Greenbrier) and Monon- 
gahda (Buckhannon, Tygart, Clieat, Yooghiogheny). This fauna 
is chiefly characterized by iif^afiiT features, by the absence of the 
tj-pkal forms of the upper Ohio (at). But it also has some positive 
characters; for instance, the presence of Sytii^/iyMOffl tappaaiam in 
the upper Kanawha; of Aneuiosa dilalata in the upper Kanawha, 
Tygart, and Cheat; and of Coiniorifj iongulus in the upper Kan¬ 
awha.' Of the various streams belonging to this region, cadi has 
some features of its own, and the elements have various relations 
to each other. It is very important to notice tJiat most of the forms 
found in these streams are rcpreseHted, on the Atlantic side, by 
idetitical or very closely allied forms {Symphynota tappaniana, 
Strophilas edentuius, AnCiitosa diiatala, Cambarus longntus) . Other 
elements of this fauna belong to the general Ohio fauna (Sywi^fjy- 
Hofo costata, EUiptio diiatalus, Alasmidonta marginata), and just 
these have no closely allied forms on the Atlantic side (Alasmidonta 
^’arkosa is indeed allied to A. marginata, but as we shall see, it is 
not closely connected with the New River form). 

Tt further should be noted that the Nctv River show's relations 
to the upper Tennessee in Cambarus longubts, and possibly also in 
Aticttlosa. Further, the upper Kiskiminctas-Conemaugh drainage 
in Pennsylvania shows an intermediate condition between the more 
southern mountain streams and the more northern tributaries of the 
Allegheny; with regard to the Najades it confomns to the latter, 
with regard to the eray/tshes to the former (excepting again the 
Loyalhanna). 

11. Eastern Side. 

I, The fauna of the Atlantic slope shows little evidence that it 
ever was an important, independent center of radiation. All forms 
belonging to it have more or less close relations to forms of the 
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interigr basin (except Margarit(Sf}a)^ A certain uniformUy of this 
fauna h also expressed in two way^: 

(a) By the uniform and 'if.'ide distribution of certain specks^ 
indicating the possibility of intornugratton between the various river 
systems; 

(b) by the fact that the fauna of each river, disregarding a few 
lowland species, go^^s up, oi its bulk^ into the nwuninifis and ap¬ 
proaches ebsely the headwaters without appreciable depauperation, 

2. There is a differentiotwn of eiemenis within the Atlantic 
fauna, indicating different origin. 

(a) A souihem ckmt^nt pointing to a Becondar)'' center of radia¬ 
tion in the soudtem pares of the Atlantic slope is disdngutshable. 
This center itself, however, lies chiedy outside of the region dis¬ 
cussed here. Forms like Le.rmgtoum^ like those of the EUiptio 
complowius and yUosjnidonia coHhm, h^icr&don, 

and unduhto, Eurynia eoushkfa^ among the N a jades, ConiobosU 
zirgmica and ^ynuncirica among the Pteuroecridis^, Cmibarus Wond- 
ingi and acuminalus^ among the crayfishes, belong here. These 
forms exhibit morphologically the greatest independence, and arc 
possibly the oldest clement in the Atlantic fauna. In some cases 
it is hard or impossible to connect them with Upes of die interior 
basin by more than general relationship.^ 

{b) In tile northern section of the Athndc slope exists a group 
of forms, w^hich are snore closely related to species of the interior 
basin and often must be regarded as their direct representatives. 
These arc the Nojadcs enumerated under group V. (p, 325)^ and the 
crayfish, limosus. Tliey all have their main range in the 

north, and toward the south they disappear sooner or later^ and have 
no representatives in the south. Very often their southward range 
becomes restricted to the coastal plain. 

{c) Further, there is a third group among the Atlantic forms. 
These ore eUher conspedfic wth ivesiern forms or e.r|r^fue/y closely 
allied^ These are Uie Najtsdes mentioned under VI, (p^ 325), the 

*It might be mentioned here, that these forms prohahly will be intimately 
connected with the Tennessce-Coosa probknt. and tlieh number will be greatly 
added to^ when the fauna of the Cai:o]inas and oi Georgia is taken into eon 
sideratiom 
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SphwriidiS^.lh^Anciihsadilistaia^carinata group ot th^ FtcuroceridfE^ 
Camp^hma dcdsum^ and this crayfishes, Cambcrus bart&ni and 
Imguius (I disregard, for tlic present* C, ^pino^us and C ac^mi- 
not us, as probably belonging to the Tennessee-Coosa problem, at 
any rate to a region lying to the south of the one which interests 
us here). 

These forms generally go way up into the mountains, and prac¬ 
tically meet there with the western range of the respective forms, $o 
that the distribution seems almost continuous across the mountains, 
and suggests crossing of the divide. 

There is great variety in the details of distribution of these 
fonns, and two main groups may be distinguished: those with a 
more universal range on either side of the mountains* and those with 
a more restricted range on one or on both sides. 

The above is a sketch of the chief distributional features* and 
we see that it is possible lo group a number of cases under the same 
heads, which means to say that very likely similar causes have acted 
to bring about sirnilar distribution. But before we begin the task 
to investigate the which governed these different of dis- 
tributionp it i$ necessary to recall to our mind certain fundamental 
facts witli regard to the physiography of the Alleghenies. 


Chapter 5, 

PirvsroGRAPHicAL Facts. HrsroRV Of the Alleohewv Moun¬ 
tain Reoion. 

The origin and the development of the Appaladiian or Alle¬ 
ghenian mountain system is ratlier well worked out (sec McGee. 
1888, Efevis, 1S89* Davis, 1891, Willis, 1896, Hayes, 1896, Davis, 
1907), and we may assume that its general features arc established. 
We do not need to go much into detail here, but certain phases to 
the mountain forming process should be brought out, which tvill be 
important for our present purpose. 
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A, Form ation of Mountains sv Upheaval and EROsiON. 

Lateral pression in a general direction froni northwest to south¬ 
east, in Pennian and Postpermian times, formed the ancient and 
original Alleghenian system^ which consisted of a number of more 
or less parallel folds (anticlines and syncltnes) running in a north- 
eaBt-$outhwest direction. These folds were pressed up against an 
old block of Archaic rocks lying to the east of them, the Old Appa¬ 
lachian belt of I>avis (1907), now^ Piedmont plateau. They were 
piled up highest in the eastern part, dose to the old Archaic rocks, 
but also in the southern parts the elevation was originally higher 
than in the northern, and in this section not only folds, but also 
faults, w'ere formed. 

As soon as this mountain system began to develop, erosion set in- 
The original drainage features conformed to the original structure; 
the highest de vat ton being well to the east, the divide was situated 
here, dose to the old Archaic land, and the old rivers had to follow 
the structure of the mountains, running first between the parallel 
ridges in consequent, synclinal valleys, and Bnding tlicir outlets at 
certain points in a westerly (northwesterly) direction, toward the 
interior basin. On the Other side, toward the Atlantic Ocean, there 
were shorter streams, originating also on the highest elevation, run¬ 
ning east and southeast, and reaching the sea after having traversed 
the belt of Archaic rocks. 

The longitudinal streams on the w cstern side of the divide began 
to carve out their valleys. But in addition, on top of the anticlines, 
anticlinal valleys began to develop, running parallel to the synclinal 
valleys, and veiy^ soon an important differentiation in the power of 
erosion of these streams became evident, which is due to the geo-^ 
logical structure and succession of rocks of the mountains. The 
beds which compose them are all archaic and palaeozoic; but while 
the uppermost (Carboniferous) consist largely of hard sandstones, 
in the lower beds (Devonian and older) softer shales and limestones 
prevaiL While the oldest rivers were running uniformly over sand¬ 
stones, the anticlinal rivers, and chiefly those running on the highest 
ele%^ationsK had the best chance to cut first through the sandstones 
and reach the softer beds below. After this„ these streams working 
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in a less resistant material, had the advantage, and thus the atiticltnai 
valleys were more deeply excavated than the synclinal valleys. This 
process advanced farthest in tlic eastern section of the tnoimtains, 
so that what was once the highest elevation became finally a deeply 
excavated valley. 

This general process was repeatedly interrupted by the fact tliat 
the wliole region was reduced to base level. One of these periods 
of base level conditions is most important to us, that of Cretaceous 
times, when most of the mountain region was a peneplain, little ele¬ 
vated above the sea, but with certain hills (monadnocks) standing 
above this level. In Postcrctaccous times a reelevation took place, 
and the rivers began their work again, according to the same bws, 
but with complications due to the base-level period. During the 
latter, they had acquired courses across the strike of the mountains, 
and these were inherited by the later rivers, and often they were 
compelled to cut across hard rocks, thus forming so-called water 
gaps, which have no apparent connection with the original geological 
structure. 

The difference in the erosion lias produced a pliysiographical 
differentiation within the whole system. In the western parts, where 
the Pre-Carboniferous soft rocks have not been reached, cither 
synclinal valleys are present, or the drainage system is independent 
on die structure, irregular or dendritic. This section has been base- 
leveled rather completely in the past, and thus it is of the character 
of a plateau, and has been called the Alieglttnian Plateau, The 
eastern parts, which were originally much higher, have been much 
ait into by the anticlinal streams, which have carved out broad lime¬ 
stone valleys, with high ridges of harder rock between them, so that 
this region has a more mountainous character, and Is known as the 
Allegheny Mauntains proper. Within these mountains, farthest to 
to the east, where there was once the highest elevation, an exception- 
allv broad valley has been excavated, called the Great Allegheny 
Valley* 

Thus we have, going from west to cast across the mountains (see 
Plate XTT.) t (i) The Allegheny Plateau; (2) the Allegheny 
tains, with numerous ridges and valleys, the most eastern valley being 
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the Great Allegheny Valley, then follows, east of the mountams, a 
much older section of the country; (3) the Piedmont Phtem^ a pene¬ 
plain. the remnant of the Old Appalachian land; and finally toward 
the ocean conies an additional physiographic division, (4) the CoasteU 
Plain, lying between the Piedmont Plateau and the sea. of various 
width, which consists of marine deposits of much younger geological 
age (Cretaceous and TertiariO (see McGee. 18S8, Powell, 1896, 
Davis. 1907). 

In the southern Appalachians this division is somewhat modified. 
The boundary between a and 3 is more developed (Blue Ridge) and 
is called the Appalachian Mountains, while no, 2 has more of a 
valley character and is called Appalachian Valley, Xo. i is called 
Cumberland Ptaleau (see Hayes, 1899, P|, 1). 

The boundary between the Coflj/af Plain and the Piedmani Pla- 
lean is wxll marked by an escarpment forming a falls line for the 
streams traversing the Piedmont Piateag. The Allegheny Moun- 
tains, and chiefly the Allegheny Valley, are marked off from die 
Piedmont Plateau by the flank of an anticline, consisting largely of 
archaic rocks, known in Virginia as Blue Ridge, and continued into 
Pennsylvania as South Mountain. But farther north this ridge be¬ 
comes obscure, and Piedmont Plateau and Allegheny Valiev are 
more or less indistinct. In southern Virginia the Blue Ridge widens 
out and becomes a more important member of tlie system, finally 
reaching in North Carolina the highest elevation (see above). The 
Great Allegheny Valley is very distinct northwards, in Pennsylvania, 
Maryland and northern Virginia, forming a broad and flat limestone 
valley, and is sharply differentiated from the more western moun¬ 
tains and valleys. Farther south it merges more or less with the 
mountain region, which consists of several broad and flat limestone 
valleys, separated by longitudinal ridges formed by monoclinal 
harder rocks. 

The boundary between the Allegheny Mountains and the Alle^ 
gheny Plateau is well marked in Pennsylvania and Maryland by the 
western flank of an anticline, known as Allegheny Front. Farther 
south this may be traced to a certain distance,” but then, in West 

’* Willis, 1856. p m (also i&)9, p. 70). us, ,he name Allegheny 

Ffont much farther South, for the eicarpment west of Blucstone Rivet: this 
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Virgin iap the mountain-type of erosion encroaches upon the pkteaUp 
and, for instance, the valley of the upper Tygart and Greenbrier 
valJey are largely anticlinal valleys of the mountain-type (see Fon¬ 
taine, 1876, p. 9)* so that llie eastern edge of the Allegheny Plateau 
h pushed back westward. In the region between James and New 
River and beyond (toward tlie southwest) p conditions become more 
complex by the development of faults, and here the eastern edge of 
the plateau (Cumberland Plateau) is formed by a tremendous fault, 
which brings the Carboniferous dowm to about the same level with 
the Cambrian. (See maps and profiles in Rogers^ 18S4; also geo¬ 
logical map by Willis, as to the faulting, see Lesley, 1865; 

Stevenson, 1SS7; Powelh 1896, p, 79.) 

B. SxitEAM CAPTUItE. 

There is yet another factor which contributed to make the struc¬ 
ture of the Alleghenies more complex. We have seen that the orig¬ 
inal divide of the waters probably was well to the east, not far from 
the old Piedmont land. It is clear that from this divide the way to 
sea-level (die Atlantic Ocean) was short and direct, ivhile w'e&ttvard 
it was long and devious. This produced a much steeper grade of 
the eastern streams, and consequently the eroding power of the latter 
must have been much greater than that of the western streams. The 
eastern rivers had thus the first chance to saw through the divides 
westward. This resulted in the general law that the Atlantic 
streams have the tendency to cut into and to encroach upon the 
region which originally draitied westward. This general law is not 
without exceptions, hut such are rare. 

Also the Atlantic streams have been subject to stream capture be- 
tween themselves: Campbell (1896, p. 675) points out the unsytn- 
metrical development of their basins^ with the divides shifting toward 
the south>vest; the Susquehanna developed at the expense of the 
Potomac, the Potomac at the expense of the James, the James at 
that of the Roanoke. Similar conditions probably existed on the 
western side. 

is correct only in » far m this escarpment represent! the eastern boundary 
of the Allcgbeny Plateau, but it does not correspond to the same structural 
line as the Allegheny Front in Pcnii^tvania. 
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This stream piracy or capture must have gone on all tlirough the 
history of the mountains; but the evidence for the older cases is 
l^t'gely lost on account of the base level conditions prev'ailing at v^ari- 
ous times. Only more recent ( Postcretaccotis) cases are more or less 
clear. But in a general way the present rivers indicate that stream 
capture has been most effective in the northern parts of the Alle¬ 
ghenies, and, toward the south, the various rivers show this phe- 
nomeuon in a lesser degree, (Davis, 18S9; Hayes and Campbdl, 
^^ 94 p P- 102, also Campbell, 1896,) In addition, these processes 
were modified by 3 tilting of the reelevated peneplain in opposite 
directions in the north and south (Powell, 1896, p. 79). 


C, Presext Condition of Dr\inage. (See Plate XII.) 

At the present time we have only in the southern Appalachians 
the remnants of the primitive condition of the drainage, streams 
running toward the west, with their sources near or in the Blue 
Ridge, well to the east This is the case in the Tennessee and New 
River region. New River is a good example of this, and we may 
safely regard this river as representing most nearly the origin^ 
drainage features (Davis, 1907. p, 732: '“There is not another river 
in the whole Appalachian region that so well preserves its ancient 
course/' 


Following the Allegiieny Mountains and the Allegheny Valley 
northward, we meet streams draining more and more in an easterly 
direction, first the Roanoke, then, in succession, the James, Potomac 
and Snsquehanita. and it is interesting to notice that the first one 


'■Davis mean* hero by "anricnl" preeminenity ihe Preterlhiv time 
But probably the present New River is not the oldest line of discharge oui 
of this regiDiL the same methods as used bv Davis fnp Kk 

eonsjnicdon of ,he Anlbr«ite River in Pennsylvar ",,[1 
Bn old river ronmng West m the^depressioi, between two ctevurion* fmonTd" 
nocks) along whieh now runs the Chesapeake and Ohio Railroad (between 
Cowugion and Hinlem, roe PI. XJI. and profile, PI, XIV.. fig. 2). Probahlv^e 
fault on the western side of Peters Mountain also played a cart in 
iMs oldest line of disebaise, The present New Eiv« would then 
bnt P-t-% also Pretertlary) feature, and would have at^ut iJe am e^ 

fetion 10 the old nver, as the present Susquehanna has to the old AnthrLit^ 
River, after its reveriiou. ’'ninracuc 
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occupies cmly tht valley, and very little of the mountains, while every 
succeeding one Cuts farther hack into the mountains ^Camptellp 

1896, p.^S)- 

In the region of the uppermost Roanoke there is a good instance 
of more recent stream piracy. The headwaters of the North Fork 
are running first in a southwesterly direction in a valley, which is 
clearly continued tow'ard New River j but just north cf Christians" 
burg this fork makes a sharp bend, cuts through Paris Mountain, 
and flows then eastward and northeastw-ard. It is clear that the 
Roanoke lias captured here a former tributary of New River (see 
Campbell, 1B96, p. 674. and our map. Pi. XII., and profile pi XIV. 
fig. i). 

James River lias cut much farther into the Allegheny Mountains. 
It is doubtful whetlier the original streams in this region belonged 
to New River, According to Hayes and Campbell (1894, p. 110) 
no important shifting of divides has taken place in this region during 
the Tertiary cycle, although, as we have seen, Campbell (1896) 
assumes stream piracy between James and Roanoke. This region 
is extremely complex in structure and has little been investigated- 

Coming to the Potomac drainage, we observe that this rjver has 
cut dear across the mountains, and has reached, in northeastern West 
Virginia and in western Maryland, the w-estern boundary of the 
Allegheny Plateau, .Allegheny Front, and at otic point has even cut 
through this and encroached upon the Allegheny Plateau, draining 
now a longitudinal synclinal valley. (See our map, PI XIT., and 
profile pi. XIV, fig. 2.) As to the former drainage in this region very 
little is known. But according to Campbell (see above) the Potomac 
has robbed, in the region of the mountains, James River, and in one 
case, in the Shenandoah Valley, w^e have itistances of more recent 
stream piracy during the Tertiary cycle. The Shenandoah is a 
rather recent slrcam, which has captured in succession several older 
streams, running originally independently through Blue Ridge east¬ 
ward (see Davis, 1S91, p. 576, and .Abbe, 18S9. p. 68). 

The Susquehanna in Pennsylvania has pre^ressed farthest in the 
capture of western streams. It has not only cut clear across the 
mountains, but also has invaded a large section of the plateau, which 
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originally drained to the wesUard (see Plate XII,) The primitive 
drainage features of this region have been worked out by Davis 
(1889). and according to him this whole region was once drained 
by the ancient Anthracite River, running in a northwesterly direc¬ 
tion through what is now the anthracite basin, its sonree^s being 
situated well to the east, in the Kiitatinny highland. The upper 
part of this river ;vas first reversed, so that it discharged southeast¬ 
ward (direction of present Schuylkill), and then the Susquehanna 
encroached upon this system, becoming finally tlie master stream in 
Central Pennsylvania during Jiira-Cretaeeous limes. The final step 
in the development of this drainage was the capturing of the plateau 
drainage, but also this falls largely into Pretertiary times. That 
the Susquehanna encroached also southwestward upon the drainage 
of the Potomac has been mentioned above, and this probably is the 
chief change of this system which belongs to the Tertian* time. 

D. I'liSTnOEY DF TiiE Western DkaiNACE. 

At the present time all western streams are finallv united into 
one great system, that of the Ohio, which finally runs into the Mis- 
slsssippi and the Gulf of Mexico, In the past this was different, 
and we know now that the present system is of comparatively young 
age, that the Ohio is a recent stream, and that the fomcr drainage 
features of this region were entirely different. According to the 
investigations of a number of writers (for instance, Foshay 1890' 
White, 1896: Uvcrelt, 190?; Tight, 1903), there was no Preglactal 
Ohio River, but in its place there was a system of northward flowing 
streams. In the region under consideration two of them are well 
established; the Old Monoigah^-la in western Pennsylvania and 
northern West Virgina, and the Old Katiatcha in West Virginia (the 
Big Sandy belonging to the latter). How the conditions were 
farther down is somewhat doubtful, but there might have been a 
third river of the same general character (Licking-Miami, or Cin- 
cinuati Rhrr, see below). 

Tlie advancing ice of the Glacial period shut off the outlet of 
these rivers, dammed them up, converted them into lakes, and finally 
the waters were forced to seek another outlet, and the general slope 
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of the country and the direction of the edge of the ice made them 
find this outlet in a southwesterly direction, thus connecting the old 
Preglacial sj-stenis by a new river, which was tlic beginning of the 
present Ohio. The Ohio thus ittw formed duriug Glacial limes- 
The northward flowing Preglacial rivers were connected by a 
master stream called Hrf^on Rtz’er, running in a direction about par¬ 
allel with the direction of the present St. Lawrence. There is some 
dispute as to Uie direction of this old river (northeast or soulhwestl, 
but the evidence preponderates which assigns to it a northeasterly 
floiv. The present writer has shown also (1906, p. 429) that cer¬ 
tain facts in the distribution of crayfishes point to this conclusion, 
dial is to say, that this drainage finally was eastward into the At¬ 
lantic Ocean. This question will be discussed farther below. 

E, MUTt!Ai, CoNXECTlos or xtlE .Atlantic Streams. 

The present Atlantic streams, Delaware, Snsquebanna, Potomac, ' 
James, Roanoke, are quite independent from each other, and dis¬ 
charge separately into the sea, so that no direct intercommunication 
of their w'aters seems possible. How*ever, we have seen that their 
headwaters interlock closely, and that it is probable that in the past 
stream capture lias taken place between them in the region of the 
Allegheny Mountains (see above the quotation from Campbell, 1896, 
P- ^75)- their course across the Piedmont Plateau these streams 
arc at present generally well separated, but fartlier to the east, where 
they enter the region of the Coastal Plain, they reach a pliysiograph- 
ical section of a character which permits frequent interchange of the 
waters. In addition, we know that the Coastal Plain extended, at 
certain times, farther seaward, and that the present Delaware and 
Chesapeake Bays and also the estuaries of the other Atlantic streams 
represent drowned river valleys, so that probably in the past this 
interchange of the waters took place on a larger scale (see LeConte, 
1S91: Powell, 1896, p. 73; Spencer, 1903: Davis, jgo7, p. 717). 

Thus the Atlantic streams were not always isolated from each 
other, and in the past, as w'cU as in the present, an intercommunica¬ 
tion of their waters was possible, chiefly on the Coastal Plain, which, 
of course, also must have permitted an exchange of the faunas. 
The importance of this will be understood below-. 
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flHAPTEfi 6. 

Explanation of Distributional Facts. 

We are now ready to study the fauiiistic facts with regard to 
their genesis, and shaU take them up according to the classifitstion 
given above (Chapter 4, pp. 33 ^- 340 - 

Fact U l 

The fact that the eastern and western faunas are sharply distinct, 
and that the Allegheny system actually forms a sharp fatmistic bar¬ 
rier of the freshwater faunas^ does not need any comment, for moun¬ 
tain ranges generally are mo$t apt to act as divides between rivers 
and their faunas unless tlie elements of these faunas have excep¬ 
tional means of dispersal (by transport)* The ver^- fact that tlie 
western forms generally liave not crossed the divide^ nor have the 
eastern forms, indicates that among three of the groups discussed 
here (Najades^Pletiroceridsep CrajdTiShes) no such exceptional means 
of dispersal have acted to any considerable degree. However^ as 
we shall see farther on, there arc some exceptions. 

One pointy however* deserves special mention. There have been 
periods of general base-leveling^ the last important one belonging to 
the Cretaceous time. It is very Uhely that at this time the barrier 
was not so M?el1 marked ^ and that a more general interchange of the 
faunas was possible. If any cases in the present distribution are to 
be traced back to this time, there are very few of them, and the 
majority of the cases, chiefly of the Najades^ does not show any 
evidence of this. This means to say that probably the bulk of the 
fauna of the Appalachian River systems ij not 0ld^r than ike 
Cret<ieeotis iime^ probabty largely P&stcrefoceous. 

This is an important conclusion in viesv of tlie fact that we know 
from fossil remains that Najades existed in North America in 
Jurassic time and'possibly even earlier. But it should be noted that 
these fossils are known practically exclusively from the western 
parts of the continent. This, however, cannot be followed tip any 
farther* since it would lead us too far aw ay from our present purpose. 

While thus the western fauna could not cross the Alleghenian 
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b^rrt^rp we further have noticed the fact that it fonns distinctly a 
unit from the upper Allegheny River at least to Licking River in 
Kentucky. It is hardly necessary to discuss this, since the present 
conditions sufficiently explain this uniformity; all these rivers, run¬ 
ning westward, are united into one master stream, the Ohio, Also 
the system of the Tennessee, which has much in common witli the 
Ohio, finally unites with this river. 

However, when we come to study the origin of this fauna and to 
consider the fact that the Ohio drainage in its present form is a 
modern feature of our hydrography, we have to ask the question, 
what the old conditions were? 

There is hardly any doubt that the uniform fauna of the 

upper Ohio basin is, in its origin, connected with the origin of tlie 
Ohio River, that is to say, that it is not older than the Glacial time, 
probably largely Postglacial. The fact brought out above, that from 
the upper Allegheny downstream this fauna becomes richer, and 
that the number of species increases steadily farther down (from 
47 in Pennsylvania to about 6o or more In the vicinity of Cincinnati), 
makes it certain that Uie center of dispersal of this fauna was in the 
region of the lower Ohio, probably also including tlie Tennessee 
system, and that this fantsa ttiigratcd ufistri’aiH in Glacial and Fest- 
glaciai times as soon as the present Ohio was formed, depauperating 
gradually in the direction toward tlie headwaters. 

Fact 1., 2, (a). 

The fauna of the upper Tennessee is very strongly marked. 
Nevertiicless it shows distinct affinities to the Ohio fauna. We have 
studied only a very small part of it, and it is well known that farther 
down in the Tennessee and also in the Cumberland River drainage, 
this fauna becomes still richer. 

Without a closer and more exhausting study of this fauna it is 
impossible to express any definite ideas as to the origin of it, Thus 
we have to dismiss this topic here and it is sufficient to say that prob¬ 
ably this fauna represents the common ancient stock, and the great 
center of radiation, not only of the interior basin fauna, but also of 
that of the Atlantic slope and the Gulf region. That the Ohio 
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River fauna probably is a branch of this fauna has been indEcated, 
and the migration was in this case from the lower Ohio upstream. 
The question remains whether the upper Ohio received also elements 
from the upper Tennessee by another route^ and this question is sug¬ 
gested by the fact that the headw^atcrs of Clinch and Hols ton rivers 
on the one side and those of Big Sandy and New River approach 
each other ver)' closely and frequently interlock in the mountains. 

It is known (see Cainpbclh 1S96, p. 670) that the headwaters of 
the Big Sandy are preparing to capture the headwaters of Clindi 
River in Tazewell Co., Va.^ in a region where the latter river has a 
rich and characlerislic fauna. The Big Sandy tributaries have 
already reached the valley limestone and may have already deflected 
some of the smaller tributaries of the CSeucIk In the .Vdjyad-fauna 
of the Big Sandy {see p. 3^) there is no evidence for this. But the 
fact that a species of Fie nr oc era, FL uticiaie^ is common to the 
Clinch and the Big Sandy% possibly supports this assumption. 

There is also little evidence for a communication between the 
upper Tennessee and New River except the existence of the Fleu- 
rocerid-^^nus Anathsa in both systems and the presence of an 
identical species of crayfish, C^mbarus Ictjgnlus. The two species 
of N a jades, w'hich are common to both systems, BlUpiio diiatatns 
and Ahsfmdania niarginaia, are without convincing value, since they 
are found all over the interior bgisitij and of Elliftw dilatains there 
is surely quite a different, dwarfed race in the New' River, while the 
Clinch contains the normal form. In view of the tremendous con- 
trast between the upper Tennessee and the Xcw River faunas, it b 
not very likely that there was any extended migration at any time 
across this divide. Or that there was any important shifting of this 
divide. Tills is in accord with tlie general history' of these strums. 
.According to Campbell p. no), the divide between New and 

Holston rivers is a narroiv col characteristic for a long-maintained 
divide, and Hayes (1S96, p. 330) says that the headwaters of the 
Tennessee, mnning genenilly over softer rocks, had a tendency to 
encroach northeastward upon the upper Kanawha system, but that 
this tendency was counterbalanced by the fact that New River also 
cut its owm channel deeply into the (harder) rocks of its own irans- 
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ver$e valley. If there was any stream piracy in the past it would 
have been the Tennessee, which had the advantage over tlie New 
River, so that the latter could not receive anything from the former. 

This seems to be supported by the general character of the fauna. 
The two cases mentioned above and Cambarui hngtilus) 

will be taken np again further below. 

Fact L, (b). 

The main fauna of the Ohio reacheSp as ive have seen, in the 
Kanawha and the moiuitaio tributaries of the Monongaliela only 
up to the lower end of the falls-1 inep marked by a canyon. It i$ clear 
that here the upward migraticni of tiie Ohio fauna is checked by the 
physiographical character of these streams. The upper Allegheny 
and its tributaries arc Plateati streams, originating upon the Alle¬ 
gheny Piateau at elevations of about 2,000 feet (see pL XIIl, fig, i ), 
and the West Fork River of the Monongabela falls into the same class 
(see pi. XIII, fig, 2), and in these streams the fauna goes way up. 
But in the case of the tributaries of the Monongabela^ Yougbiogheny, 
Cheat, Tygart, and also in New River (including Greenbrier) of the 
Kanawha system* the sources are in mountains of 3,cxx) to over 
4,000 feet elevation. These rivers have a veiy- steep grade, and in 
a certain region they all run through a more or less well developed 
canyon. The lower end of this canyon forms the upper boundary 
of the Ohio River fauna in the Youghiogheny at Connelsvillc^ Pa., 
in tlie Qieat at Mont Chateaut W, Va., in the Tygart at Grafton* W. 
V'a.* in the New River at Kanawiia Falls, W. Va.^* (Compare our 
profiles, PL XIII., fign 2, and PI. XIV., fig. i.) 

We have to regard it as an ecological fact among the Naj^ides 
(and some other freshw'ater Mollusks, for instance, the genus P/'cj#- 
roerro), as well as in the river-crayfishes (Ortmann, 1906, p, 412), 
that they do not like rough water and unstable, shifting bottom. 
The canyons of the falls-line of these rivers are, next to their upper- 

^*0! coursCi cxceptianal cases, where single species have found a way 
tip and through ihe canyon* may be disregarded. Such are die ca&es of Qtiad- 
rw/o and In ihe New River at Hinton, and 

probably also of SymphyntftQ in the Tygan ai Elkins. 
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most headwaters, the roughest parts of them, characterized by firm 
bedrock bottom covered ivith loose stones and boulders, often shift¬ 
ing, chiefly during flood stages. Such conditions are entirely unfa¬ 
vorable to crayfishes atid Xajvdes (the latter generally demanding 
sand and gravel, which is frmty lacked), and thus we have here an 
ecological barrier to flic upHrcam migration of the Ohio fauna, 
which is absent, for instance, in the upper Allegheny. 

The fact that this fauna is here checked by a madem physio- 
graphical feature confirms the assumption that die upstream migra¬ 
tion of it falls in a rather recent (Glacial and Postglacial) time. 

Excepting these mountain streams just discussed, the uniform 
Postglacial upper Ohio fauna comprises all the heaclntiters of the 
Ohio (Allegheny and llonongahela), and further all the tributaries 
in West Virginia; also the fauna of the Big Sandy belongs undoubt¬ 
edly here, and we know that this river once was closely connected 
with the Old Kanawha River (Tight, 1903), and that its history was 
similar to tliat of the other rivers, which are ancestral to the upper 
Ohio system. This is somewhat different in the case of Licking 
River in Kentucky. Leverett (1902, p. 109) unites this river with 
the Preglacial lower Ohio (and with the Kentucky, Cumberland and 
Pennessee rivers). If tius is correct, we should expect in this river 
the Tcnncssee-Cumbcrland fauna; but there is no trace of it here,” 
and the Licking fauna is entirely of the same character as that of 
the rest of the upper Ohio, as far as it concerns [he iVa/arfez, Of 
Flettroccrids a new species turns up here, but this material is too 
unsatisfactory. But on the other hand a peculiar crayfish fs found 
in the Licking. CaoiburMS nislicus, which distinctly points to the 
west. But since also Monongaheta and Kanawha are characterized 
by different (although closely allied) specie® of crayfishes. Licking 
Ri%'er also in this particular falls in line with these other streams. 

The physiographical evidence with regard to tlie history of Lick- 

” See p. 300 . The fauna is not completely known, but accorilififr to my 
collections, only one species turns up. which is absent in other parts of the 
upper Ohio draittag^e disimssed here: Anodonloidrs ftrutfoeianiti. All the 
rest is ly|»cally upper Ohioan. It also should be noted, that oiic species 
Lam/ffilit hieota, is present here, which is absent in the Cumberland-Tennes^ 
sc« fauna. 
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ing River is yet obscure. As wc have seen, Leverett unites it with 
the Preglacial lower Ohio. But the fauna of the river, cspeci^y 
of the Naj\id4r^, strongly points to the fact that Licking River has a 
similar history to that of the Kanawha and Monongahela, that is to 
say, tAat if w'oJ in Fnglacial thit*s a norihuard fl^nving j/rropn, 
uhkh might tiQve belonged to the old Erigm Rker (see above, p. 
349)^ and that it had no connection w'ith the lower Ohio and Ten- 
nessee-Cumbcrland. And indeed this is the assumption made by 
Tight (1903, see map, pi. i)^ wlto gives to the Licking and Kentucky 
rivers (under die name of CiVirinTinh' Rh'cr} a nortliward flow in 
Prcglacial times. 

Thus, in this case, zodgeographical evidence is in favor of Tight's 
assumption, and tliis is an interesting instance, where zoogeography 
contributes to the solution of a phvsio^aphical question.^* 

We have repeatedly emphastacd, that the upper Ohio fauna is a 
unit, and rather uniform all over the terrritory' it occupies, with the 
only qualification, that it slowly depauperates in an upstream direc¬ 
tion, This is true, in the first line, of the N a jades ^ but it may be 
correct also for certain Plcnroceridfe^ at least such forms which 
follow mainly the lai^e rivers (certain species of PfenrocerG, as for 
instance, PI. canaliaitatum). But in other groups, some minor dif¬ 
ferences within the upper Ohio fauna are noticed. Some evidence 
of this is seen in the Plenroceridae of the smaller rivers, the ,M]e- 
ghenvt Monongaiiela, Kanawha, Big Sandy and Licking, each of 
which has different species of Pleuroccra and (provided 

such are present at all). But these conditions require further study, 
chiefly with regard to the affinities of these forms. But it is inter¬ 
esting to note, that it seems that the conditions known to exist among 
the crayfishes are duplicated here. 

In the case of the crayfishes, 1 have pointed out (1906), that 
there are two clifFerent species in the upper Ohio drainage, and that 

“This should be studied farther, chiefly' wilh regard lo the additionaL 
question ree^^urdirtg Kenlucky River; If Tighrs and our view is correct, Ken¬ 
tucky River should conform tu iti fauna to that of Licklne’ River and the 
upper OhsQ in generijiL h belongs, however, to the lower Ohiq, it should 
contain eletnenls of the Ciimberlaudian fauna- Untoriunaiely the Kentucky 
fauna is practically unknown. 
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their distribution undoubtedly is corrdaied ri'jfA the old Preglacial 
rfroiHO^^ sysintts. Cambants abscunts belongs to the old Monoti- 
gahela River, while C pro^ingum sanbonxi indicates, in its present 
distribution, the old Kanawha River. This theory has been fully 
confirmed by my subsequent investigations, which have shown that 
C. obsciirn$ actually is the river-species of the Monongaheia in West 
\ irginia, up to the headwaters of the Plateau stream West Fork 
River, while to the south of this, in the little Kanawha, Big Kana¬ 
wha, Guyandot, and in the corresponding part of the Ohio proper 
C. propmqms sanbortti is found. This latter form probably is 
also in the Big Sandy, and a few smaller streams to the west of this 
in Kentucky, all belonging to the Old Kanawha of Preglacial times. 

The additional information was obtained that in Licking River 
anotlier species is found, C. riwtjfiM. This means, that this river 
had a more isolated position from the others in Pregiacial times, 
although belonging probably also to the old Eripn drainage. 

\\Tiile thus the Naiad fatina of the upper Ohio follows in its 
distribution the modern features of this river, and while we are to 
include for this reason, that it is largely Fostghdai, the crayfish 
/dima indicates Preglactai conditions. And further, it seems that 
among the Pkuroccridie. we have both elements represented, but 
unfortunately, the natural affinities of this group are yet too obscure 
to permit any final conclusions. 

Fact L. s, (e). 

In the headwaters region of the mountain streams tribuiary to 
the Itonongahela and Kanawlia, above the cativort* there is generally 
a section, where these rivers are less rough, and run more quietly 
in elevated, often broad valleys (compare profiles, PL XIIT,, fig. 2 pi 
XIV., fig. r). As has been said, the fauna of these pans’is ii’efly 
characterised by the absence of the common upper Ohio types. 
Nevertheless we have a small number of forms here, tvhich are 
more or less character]Stic, 

These forms are not uniformly present in all these rivers, and 
their distribution may be tabulated as follows: 

!. Monongaheia drainage— 
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(j. Youghiogheny: 

b. Cheat; Ancuhsa dilaiata. 

C. Tygart: Symphyftota costaia, Strophitns edenhiltis, Aticulosa 
diiatata. 

2 . Kanawha drainag^^—^ 

o, Grcenbrief: Bllipth dilatatus, Syntphynota tappaitiana, Alas- 
ittidofita Miarginata, Ancalosa dilatata, Ceittbarns langidus* 

b, New River: The same as in Greenbrier, and in addition (at 
Hinton only) : Quadruh tubcrculaia and Rotmdaria tiibef- 
fii/aftf. 

Two classes may be distingnisbed among these: those which have 
no relations on the eastern side, and those which are represented 
there by identical or very closely related forms. The former are: 
Sytuphynota coslata of the Tygart, and Qufldriiia (nberttifctn, Ro- 
tvndaria Juberrii/otfl, Etliptto diiofcttis^ and /i;aiiti!d(jrj(a ittor^hiata 
of the upper Kanawha. These are species rather generally distril> 
uted in the upper Ohio region, and they probably belong to this 
fauna, representing forms, which for certain special reasons, pos¬ 
sibly by mere chance, were able to ascend somewhat higher in the 
nioiintain streams than the bulk of the Ohio fauna, 

The other forms, Symphynoto tappstiiattat Strophitus edenlithis, 
and the crayfish CatM&artfJ hngtttiis, are represented on cither side 
of the divide by the identical species, while in the case of AneitlDsa 
two CNtrctnely closely allied species, ditaiatti and contteta, are 
found west and cast of the divide. 

These latter facts are very interesting, and touch upon the ques¬ 
tion, whether and how it was possible that certain foniis of fresh¬ 
water life were able to cross the divide. For the present, we shall 
only Indicate this problem, but we shall take it up again, when we 
come to speak of the .Atlantic forms, which are more or less nearly 
related to w’cstern ones (see below, under fact II., 2, c). 

It also should he pointed out. that an additional interesting ques¬ 
tion is involved here. We have seen, that the general Najad-fauna 
of the Ohio, which goes up to the lower end of the canyons, is of 
Postglacial age. This fact suggests, that also the falls line of the 
canyons is comparatively recent, and that it marks a last rejuvena- 
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tion of these streams in consequence of a reelevntion of the coun- 
tp. According to Foshay (1890, p. 400) and others, tiiis rejuvena¬ 
tion IS of Postglacial age. Thus U'c mighi expect to find iu these 
upper parts of the mountain streains, the remnants of the fauna 
nhich existed in these rivers in Preglacial (Tertiary) limes. I have 
no doubt, that at least some of these are Tertiary elements, and pos¬ 
sibly just those ivhich are found on either side of the mountains 
might belong to th^. However, this fauna is too fragmentarj- 
to be sure about this, and it is quite evident, that also in Tertiary 
times not the whole of the fauna of these rivers went up to near 
the h^dwaters* 11,us we have to wait till additional evidence with 
regard to the Tertiary fauna of the headwaters of the Erigan sys¬ 
tem is forthcoming.” ■' 

Fact IL, j, fa). 

It has been seen, that there is a certain amount of unifonnitv in 
the Atlantic fauna, in spile of the fact that the Atlantic river 'sys¬ 
tems are quite isolated from each other. In fact, most of the it- 
lantic species are not restricted to a single drainage, but are found 
m several, often practically in all of them. This means, that thitre 
15 or there was the possibility of an intercomnumicalion of the 

b'^Stllu!"-- 

Alt these rivers, after having traversed the Piedmont Plateau 
rwn for a greater or lesser dist^ce through the Coastal Plam Thii 
plain IS hltU elev-ated above sea-level, and consequently the rivers 
arc sluggish here; there is considerable deposition of material in tliis 
region, and a great tendency toward a change in the river channels- 
the nvers are practically at baso-level. It is a general rule, that in 
a coimir)' approaching base-level, the intercommunication of neieh 
bormg rivers is greatly facilitated (see Adams, 1901, p, 842) and 
that consequently a wide distribution of the fauna is favored. ' 

"The best evidence would be fossil fontts from the high river terr... 
Such do exist, hut the remnants arc too jioorly preserved lo be of a'* 
value. 1 ‘ shou'd also be noticed, th,n there is a number of speci,* 
upper Ohio dminage. which distinctly avoid the larger rivers^- alsn 
mipht he eleinents of the old Tertiary fauna. It is iJteresting that sm^et^ 
Ihe present fauna of the mountain streatus fal! into this elas'i^ 
namely. Syntfihynelo eenata, Alasmidonta marghola. Slrephiiuj edJiuJuT 
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There is no question that this is one of the factors, which has 
largely brought about the more or less universal distribution of the 
species of the Atlantic slope, and has permitted their spreading from 
one river system into others, notwithstanding the contrary opinion 
of Johnson (1905), who does not believe that '"river captures"" are 
to be assumed in this region, but that passive transportation accounts 
for the universal distribution of certain Najades over the Atlantic 
slope. Indeed, it is not river capture in the strict sense, which 
caused the present conditions, but what Adams (f, c.) calls removal 
of barriers " in a country approaching base-leveU This is also prac¬ 
tically the opinion of Simpson (1893, p. 354, footnote 2), wheu he 
says, that shells may migrale from river to river *' across overflowed 
regions near the sea, in times of floods” (We always must bear 
in mind that the migration w as by the help of fish, which carried the 

larvar.) 

This lowland zone reaches all the way up the coast to Kew York 
state. But we know, that at certain times it extended even farther 
north, w'hen the continent stood at a higher elevatjon, and when the 
coastal plain ivas wider than at present. We must also consider, 
that at other times the coast was more submerged than now, and 
that then also the Piedmont Plateau was more or le&s at base-level, 
offering the same conditions favorable to a migration of the fauna. 

Moreover, we have seen, that there was siream-capturc in the 
region of the mountains, and that the northern rivers had a tend¬ 
ency to encroach upon the southern. This should have caused a 
migration of southern forms northward in the mouniam region, but 
not of northern forms southward. There is indeed evidence of it 
in the fact, that forms with a northern center of dispersal (those 
falling under II., 2, b) availed themselves, in their southern disper¬ 
sal, of the coastal route, for instance ^ Lamp^Uis radhta, carwsa, 
ochrafca and Cambams limosus, for they become more and more re¬ 
stricted to the lowlands in the southern parts of their range- On the 
other hanti, those forms, wdiich have a more general distribution, 
also in the mountain region, are chiefly southern in their origin, as 
for instance: Elliptic cgutplantiUis. ^hsmidonfa uftdnhta, Conio- 
basis i^rgwka, and these may have availed themselves, in their 
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northward dispersal, also of stream piracy in the mountaitis. In a 
few cases, the latter probably was the prime factor in the dispersal, 
chiefly in the case of j-intulosa carinaia. 

Thus there is no dilHciilty in admitting the possibility of the dis¬ 
persal of the Atlantic fauna over more or less.of the whole repon. 
Tfie facts in the distribution of the ^^aja(^es, as w'ell as in the Pfcit- 
roccridit, and in the croyfishfs support this assumption. But the 
other fact, that certain forms of the Atlantic slope did not reach 
a universal distribution, and were apparently obstructed in their 
dispersal at certain points, needs further discussion. This is a more 
difficult problem, but, as far as possible, it will be taken up below. 

Fact II., i, (b). 

Aside from certain species <Xajades: Enij>l!o fsherianvs, A»o- 
donia cataracta and implicata, Eiirynia aasitla, 1 -ampsilis radiata, 
tarhsa, ociiracea, and the crayfish Cambarits blandhiffl), which are 
more or less t>Tiically species of the lowlands or the great rivers, 
the fauna of the Atlantic streams is rather uniform, in each sys¬ 
tem, from the Piedmont Plateau upward into the mountains, to near 
the sources. (Sec list no. 23 of Najades, and also Goniobajis t-fr- 
ffinica, Atictd&m ^rarmata, Cambariis h’wiofwj.) That is to say, the 
fauna does not deteriorate, or very little so^ in an upstream direc¬ 
tion. This differs strikingly from the conditions on the western 
side, where a gradual decrease of the number of species toward 
the sources is the rule, or where we even observe a stidden disap¬ 
pearance of Species at certain points in the mountain streams. 

The explanation of this fact is found, as I believe, in a general 
physiographical character of the Atlantic streams, which is best ex¬ 
pressed by their profile (see our profiles on PI, XIII., and PL XIV 
fig. i). We sec that the profiles of the Atlantic streams arc more 
nearly normal (Abbe, 1899, p. 61, fig 3; of course we must dis¬ 
regard the falls line at the eastern edge of the Piedmont Plateau), 
This profile indicates comparative stability, with the slope steepest 
at the headwaters, decreasing rapidly just below headwaters, and 
then gently farther down. These streams are more mature' than 
those of the western side. On the eastern side, new cycles of ero- 
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sion, of rtj live nation j indicated by falls or rapids be|[inning some- 
iivliere in the lower parts, have had time to work back to the head¬ 
waters (the cycle being^ completed), while on the western side these 
cycles, at least some of them, are not quite finished, and are indi¬ 
cated by falls and rapids lying at various distances below the bead- 
waters (see profiles, PL XllL, fig. 2^ PL XIV., fig. l). 

It does not require any further discussion to see that this dif¬ 
ference of the eastern and western streams is finally to be referred 
to the different general slope of the rivers, the former being shori 
and more direct in their course to the sea, and thus ^vorking faster. 

The consequence is, that the aquatic life of the lower sections of 
the Atlatilic streams finds congenial conditions np to near the head¬ 
waters, since the condkions are more nearly uniform all along the 
stream- Only close to the headwaters, there is a rather g^uclden 
change^ and here the fauna deteriorates also i|uite suddenly. 

Fact II., z, (a). 

We have seen that a differntiiotion of el^i-ments ivithin the At¬ 
lantic fauna is indicated, and that first of all, a southenf clement 
Is clearly distinguishable. A number of A^ajadc^ belong here, the 
snail Goniobasis virghiko, and two crayfishes, CaiMiarifj biandingi 
and driitiimdkrj (see p. 340). 

In all these forms it is evident that they have their center of 
radiation somewhere in the southern section of the Atlantic slope 
(Carolinas, Georgia), whence they migrated northward (see Simp¬ 
son, i896£?j p. 337). But w'c notice that the different foims have 
advanced northward to different points. Some of them spread all 
over the Atlantic slope, northward even beyond the section dis¬ 
cussed here; so, for instance, Elltpiio complanatus, Ahsmidont(t 
undiihta (possibly also Ahsmidofita hctcrodon), which go to l^ew 
England; Gonwbasis virgmka has reached the state of New York, 
and biondingi (restricted to the lowlands) has reached 

middle New Jersey. 

Others do not go so far. Ellipiio fsherimtict, a lowland form, 
goes northward to the lower Delaware; EUiptio productus to the 
Potomac; EUipth hnecohtus and nnoiiiiEd/iij' to the 
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Rappahannock; Lexitiglonia sitbplatig, Alasmitfonla collina. Eiirynia 
cmistrkta to the James; and Coniobasis symmctfiea to the Roanoke. 

This peculiar fact, that the southern elements in the Atlantic 
fauna have advanced to different distances northward, is hard to 
explain. Ihe general tendency to migrate northward is understood 
by what has been said under II., r , a, hut the question remains, why 
certain forms have been unable to go a.s far as others. 

In part, I believe, this may be explained by the ecological prefer¬ 
ences of the Single species, and a comparison of a few of them will 
show what I mean. Ellipiw tomplamtus is ubiquitous, and is 
able to live under a great variety of environmental conditions. It 
conscrjucntly had the best chance to spread nortli, and actually has 
the widest range of all. ElUptio fisheriatfus is a typical lowland 
species, and it has used the easy way over the coastal plain, and has 
succeeded in going farther north tlian the two allied species E firg- 
diictus and ian^cohlus, which, as far as I can judge, are rather ut^ 
land species, which could not avail themselves so much of the op-’ 
portimities offered by the lowlands; they very likely depended more 
on stream capture within the mountains, which natiiraJly was a slower 
and more difficult way of dispersal. Probably this holds good also 
m the cases gf Cambartts blandingi and C QCUmhiatHs; the former 
IS a lowland species and lias reached farther north than the latter 
which seems to he an upland species. 

Tins, however, is only a suggestion. Our knowledge of the 
actual ilisiribution, and also of the ecological habits of these forms 
IS not satisfactoiy- enough to draw positive conclusions. 

It IS also possible, that the special history of these forms, chieflv 
with regard to their geological age, plays a part in this, and it might 
be that the oldest forms had the best chance to obtain the widest 
range. This might be correct in the case of Ellipth comp/anahts, 
while a rather recent type, Eurynia ronstriefa, has stopped rather 
far south. But this surely is no general explanation, as is seen in 
the case of Lea'ingtohja sitbplma, a primitive type, which did not 
go farther north than Eitrynm rotisirkta. 

This question should be taken up in connection with a more 
detailed study of the origin and the distribution of the southern At- 
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lantic element, and this is a problem correlated with the Tennessee- 
Coosa problem, and the connection of the Tennessee fauna with the 
southern and southeastern drainage systems of the Appalachians. 
It can be solved only after much more extended investigations in the 
Gulf and Atlantic streams from Alabama to the Carolina^. 

This m\ich is sure, that the existence of tiiis southern element in 
the Atlantic fauna is well established, Simpson (1393, p. 355) 
already has indicated it clearly, and that it probably i$ connected with 
the fauna of the interior basin around the southern extremity of the 
Appalachians (^ee also Ortmann, 1905, p, 124). This center fomis 
part of Adams" (1902 and 1905) great southeastern center, but is 
probably a rather sharply separated, and rather old subdivision of 
it It had, with regard 10 aquatic iifcp a northward route of dis¬ 
persal, not Only in Postglacialj but also in Preglacial tiincSi on the 
Atlantic stope^ This route has been admitted by Adams (1905) for 
land-forms, but has not been mentioned (/. c*, p, 63) for aquatic 
forms. 

Fact IL, 2, (b). 

Another element of the Atlantic fauna seems to have its center 
in the ni>tth (from Pennsylvania and Kew Jersey northward). The 
following Najtjdes belong here: An^donta calaracia^ Afiodonta im- 
plicata, Ahsmidonta varkosa, Lampsilis radiata, LampsiUs rnriDjn, 
L^jKpsiik ffdirorfa/* and the crayfish: Cambams Ihu&sus. All 
these forms have in common, that they are most abundant north¬ 
ward, and advance southward either not at all {Anodonta 
ro/ff), or chiefiy on the coastal plain. Only Atasinidmia varito^^i 
seems to be more universal in its distribution on the Atlantic side. 
£.ar#*/?jjVfj ochracea is a form of the lowlands (estuaries). Lmtp^ 
silts radiata and cariosA, and apparently also cataruciti 

have a rather wide distribution in Pennsylvania, but southward they 
seem to occupy only a narrow belt on the coastal plain. The same 
is true of Cat^ibarus Hmostis, However, our knowledge of the dis¬ 
tribution of these forms in the lowlands of Virginia, and southward, 
i$ rather unsatisfactory, but the fact is undeniable that, w'hilc these 

^ Mar^aritana marffaritifera and EwryFiid reseinblG these to a de¬ 

gree^ but* as we shall sec betow, are i^eoiliar in other respects. 
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latter three forms are found in Peiinsylvania way up into the mouii- 
^in region in the Susquehanna, they are missing west of Blue 
Ridge m the Potomac," James, and Roanoke. This fact, that the 
southward range of some of these tomts falls largely within the 
coastal plain, where there were special advantages for migration, is 
corroborative evidence for their northern origin: they -tvere first 
aiid ongmally present in the northern section of the Atlantic slop* 
where they had. m consequence of the longer time elapsed, a belter 
chance to spread upstream. 


r havt treated of the origin of the distribution of » member of 

this northern famta, Comharrrj hmomr, m a forme, pitWieatioo 

(Orlmaoo IS06, p. 4oSff.). I have poimed out. that this species 

IS trell marked, hut possesses allied forms i„ the imerior basio and 

have 001 the slightest doubt that the .Va;W„ enumerated above 

fal under t ie same head, and that the origin of their distribmiou 

to be esplamed m a similar »■»)•. .^Iso these .VujW„ are well 

defined speeies, hot possess allied represeulatives in the iuterior 
basin (sec above p. 335). uicnor 

According to the theory advanced for iu.osu, these 

came around the northern end of the Appalachians in 

cral dir^hon of the present St. I.awrcnce. Tins river received the 
ancestral forms of these species from the interior basin (more es^ 
pccially fr^m the lower Ohio and Tennessee drainage) in some way 

it •understood. But there is no serious 

obstacle to the assumption of this possibility on account of the prob¬ 
able numerous changes of the drainage in these parts. 
once reached the Atlantic coastal plain at the mouth of the Erig^J 
River (yegion of St Lawrence Gulf and Kew Foundland) ,|,te 
was no harrier to the.r farther dispersal southward, chieflv sbee the 
coastal plain, as we know, extended at certain times further sea 
ward. This dispersal was first along the coast, but several of these 
forrus migrated thence upstream in the various rivers of the -Vtlaij 


Cm limostis 15 fotisid hert nnd llicrc In the uftoer t 

Sti™"’"' o' «'• i 
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The southward migration was iitiequal. but the causes of this 
are not ver>^ tkar, but might be compared with the similar phenom¬ 
enon in the case of the southern elements* 

When the Glacial period set in, the ice coming from the north 
separated the eastern range of these forms from that on the west¬ 
ern side* Habitiidinal segregation was thus effected^ and this in¬ 
duced difFerentiation Into species. The final consec|uence is, that the 
Atlantic forms developed into well marked species, which have a 
rather young age (Glacial)^ and still ate closely allied to correspond¬ 
ing forms in the interior basin* In Postglacial times, after the ice 
had disappeared, a reaction, a northward migration set in, and these 
species reoccupied a good deal of the territory' lost in Glacial times. 
In this advance they were accompanied by certain southern types, 
which also invaded the glaciated area (EUilftw Ahs- 

mid&nta uiiduhta). 

Thus the origin and the history of this part of the Atlantic fauna 
api>ears rather clear. The most interesting fact is, that the case of 
Caijibarus lirtwsits has a number of parallel cases among the Na- 
jodes* This element in the .Atlantic Kajad-fauna, however, has 
been recognized already by Simplon (1806&, p. 337), who also 
explains its origin by migration around the northern end of the 
Appalachians. 

Considering the two elements together, the northern and the 
southern, and the fact that the spgeies belonging to them migrated 
to various extents south or north, we obtain a satisfactory explana¬ 
tion of the fact, mentioned above fp.3ts,3iS),that the Susquehanna, 
and also the Potomac, fall short, in the number of species, of the 
rivers both to the north (Delaware) and south (James), Certain 
forms of the northern fauna have not gone south beyond the Del¬ 
aware, and certain southern forms have not gone north beyond the 
James, and this leat^es a balance against the intermediate systems of 
the Susquehanna and Potomac, In the Susquehanna* this short¬ 
coming has been in part supplemented by an indigenous form (Ala^- 
midi^nta nmrgimta siisquehann<r), and in the Potomac by a southern 
form {Ellilffw {>roducttis). This peculiar condition is a point wdiich 
very- strongly speaks for our assumption of two distributional cen¬ 
ters in the Atlantic fauna, a northern and a southern. 
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Fact II., 2, (c) 

iTtcre U a third group of forms among iho Atlantic fatina, which 
have for a common character the fact that they are cotuped^ic or 
r.r/re»/i<r/j' ctosely allied to uvstem forms, and which show in their 
distribution certain peculiar, but not quite uniform conditions. We 
have seen (under I., 2, c. p. 339, 357) that the corresponding western 
forms are in part characteristic for the mountain streams tributary 
to the ^lonongalicla and Kanawha, so that there is the app^rance, 
as if certain species had crossed the diinde of the Allegheny Moun¬ 
tains. It remains to be investigated, whether such a crossing of the 
divide should be admitted, and what the means were, by which this 
was accomplished. 

Oertain cases, however, should be dismissed^* from the beginning, 
namely first of all those, where passive migration by irotuport is 
probable or possible. The Sphatriidee belong here, and also Campe- 
loma decisum. Here the whole character of the distribution is 
such, that it docs not appear to follow drainage sy'stems at all, but 
goes across country, suggesting exceptional means of dispersal, such 
as transportation by birds etc. 

In other cases, active migration across divides is possible and 
probable: this concerns chiefly, as I have pointed out in a previous 
paper (Ortmann, tgo6, p. 448), the cray'flsh Combartts ^arfont. 
This species, as well as the Sphariididtr and Campelomo decisum, 
has a rather universal distribution east and west of the divide. 

.And further, I shall disregard here Caiftbartts spinosits and 
acuminatus, as belonging to the southern .Appalachians, as far as it 
concerns the distribution on both sides of the divide, and also 
Fiiryntfl constricta and ;:ff«K.rrinc#f«f fall into the same class. 

Thus there remain the following forms to be discussed here. 

1, Slrophitns edentuius. 

2, Alastnidottta marginala and morg, sasguehaHnae* 

3, 5 ym^/iynota tappoHiana. 

“ Two very recent «ses, Cambarut obseurits and Lamfijitii vetitricosa 
Uohonsorontd), in ihe upper Polomac must be entirely disregarded, for here 
artificial, although accidental and unintentional, transplantation has been 
elfccied by tuiman agency (see Ortmann, 1912^). 
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4 , dildiaia and carimtd. 

5, Cflwjiori/j hngithis. 

The peculiarities of distribution in eacli of these cases have been 
shortly charaeterij^ed a/bovc (p. 357) for the western side of the 
mountains, and it will be rqiiiefflbered that none of them are fully 
alike in all particiilarSp although resembUng each other to a degree. 
This IS also so on the eastern side. Thus it is best to take them 
up one by one. 

Str&phittis edcntulurS- 

This species has a rather general distribution, but it is peculiar in 
so far as it is one of the two species of Najades which alone are 
found in the mountain-tributaries of the Monongahela (Youghio- 
ghetiy and Tygart), while it is missing in tJie upper Kanawha 
region-^* Tliis forbids it to place this species simply w-ith those 
which {like the Sphdriidtr and Campdoma dedsum) have a uni¬ 
versal distribution east and west of the divide. Indeed^ the gen¬ 
eral distribution of Sfrophiliis, for instance in Pennsylvania, might 
suggest that this form has exceptional means of dispersah and 
might be tran5porte<l from one tlrainage into another.®* But its 
abseiiee in the New River system speaks against this, for we cannot 
imagine that any means (birds [or instance), which w^ould have 
been able to carry this species across divides, should have carefully 
avoided the New River system. 

StrophUus edirntuliis is a fonn eminently characteristic for small 
streams, and is rare or missing in large rivers. In the upper Alle- 

’^This neisaHve statement might be doubted. But at llie four toealides, 
where 1 collected Napdes (Ronceverte In Greenbrier River; Hinton and 
Peariiburg in New River; Wythevilk in Rccd Creek), shdb were abundant^ 
and in every case / htinfed fcir this specks, examining carefully also dead 
shells lying around; hnt no Iroce of Sirophitvs was discovered. 

* In order to bring out all facts, whidi possibly tiaight have a hearing 
upon tlus question^ it should be mentioned, that Lefevre and Curtis {Scienee^ 
U, igin p. S63, and BufL Bur, Ftsh., 30 Cfor i^ro). 1012, p. 171) have recently 
discovered a rcmarkublc circumstance in the life-hi story of this spedes, dlf^ 
ferent from all other known Najades: the larvae (glochidia) of Sfre/'Aifiij 
undergo their fnetamorphosts without a parasitic stage on bshes. For the 
present, however, 1 could not tell how this could favor passive transport of 
the young shell. But the fact should be kept in mtndl. 

fftOC. AMrit, PKIL SOC.p UX* 310 ?StXTHP |TJLY II, 
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gheny drainage it gChea way itp into the headwaters:-^ it is in the 
upper Youghiogheny and in the upper Tygart and Suckhajinon 
rh^ers. Thus it closely approaches the divide in the whole northern 
section of the upper Ohio drainage. On the eastern side, it is also 
found close up to the divide in the Susquehanna, Polomac* James, 
and Roanoke drainages.’* The eastern and western ranges are 
consequently in rather close contact along the northern part of 
the Alleghenian divide, from the uppermost Allegheny River to the 
region of the headwaters of the ^fonongaliela, Potomac and James. 
But the close approach is most marked in central PennsyK^ania, in 
Cambria, Indiana^ and Westmoreland counties. Here this species 
is common in all small streams running east and west from the 
di%udc, and, for instance, ihe locality in Cush-Cushiou Creek, be¬ 
longing to the Susquehanna, is not more than twenty or twenty-five 
miles from the nearest localities in the Allegheny drainage ^Creek- 
side, Homer, Goodville). 

This is just in the region where the Susquehanna drainage has 
largely encroached upon the drainage of the Allegheny River, and 
where stream capture has taken place. Although Davis (1839, p. 
248) believes that this w as accomplished chiefly in Pretertiary times, 
there is no objection to the assumption that to a lesser degree this 
process continued in the headwaters also during the Tertiary, in fact, 
that it is going on at present. If this is admitted, there is no diffi¬ 
culty in imagining that with the waters part of the fauna of the 
western streams was taken over into the eastern drainage, and since 
Slrol^hitifs inhabits these Smaller w estern streams, it might thus have 
crossed the divide, in this region, by the help of stream 

Potato Cr, Smethpon, McKean Cou; Link Mahu^ning Cr, Goodvllk 
Indiana Co.j Crooked Cr., Creekside, Indiana Co.; Yellow Cr., Bonier, In¬ 
diana Cp 4 Elatktegs Cr.p Saltsburg, Indiana Co.; Beaver Fttn, Deltnonl, 
WestmorclaTid Co-J Loyalhartna Rav., LigwiSer, VYcstmoreland Co,; Qiicma' 
honing Cr, Stanton's Mill, Somerset Co.; all in Pa. 

“For instance: in tke syiitm of the Susquehanna: Cuah-Cushton Cr.K 
Greene Twp., Indiana Co r Chest Cn, Paiton, Cambria Co.; Swarta Run Ash- 
ville, Cambria Co,; Bcfavcr Dam Cr, Flintonn Cambria Co.; RaystowTi Branch 
Juniata Riv., Everett and Ml Dallas, Bedford Co.; all in Pa.; South Branch 
Potomac Riw, Romney, Hampshire Co, W. Va.; James drainage: Calf 
Pasture Riv., Goshen, Rockbridge Co,, Va,; Roanoke drainage: Mason Cr 
Salem, Roanoke Co., Va. 
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Of course, tills presupposes that the original home of this form 
was in the interior drainage basin. But 1 hardly think that this 
could have been otherwise, on account of tlie tremenduous range 
of Sfrophitus in the west, and we have seen that the 

Atlantic slope probably never has been an important center of de^ 
velopmcnt Strophiius differs from all the other elements of the 
Atlantic fauna (discussed so far) by the fact that the identical 
species is found on either side of the mountains. Thus it is improb¬ 
able that it had a sinular history to that of the other forms (the 
northern and soutliern dements) of the Atlantic fauna, and we are 
forced to assume a special explanation of its distribution. I think, 
that the evidence introduced above favors the theory, that it actually 
crossed the divide by the help of stream capturej or in other w^ords, 
by the shifting of the divide, and that this probably took place in 
the region of the headwaters of the West Branch Susquehanna. It 
might have happened elsewhere; it might have happened repeatedly: 
but the region indicated is the most likely. After having once (or 
repeatedly) crossed, this species spread over the Atlantic slope, both 
north and south, and occupies now the whole of it, from Virginia to 
Xew- England (exact data from Virginia southward are tacking). 
This of course, was accomplished by the same means as in the 
other members o^ the Atlantic fauna, and it is not astonishing since 
this species is not only upon the Piedmont Plateau, but also on the 
Coastal Plain-=^ 

Further details cannot be given, and chiefly it is impossible to fix 
the geological time w^hen Strophitus crossed the mountains. As 
has been said, possibly this happened repeatedly, presumably in the 
Tertiary, and may have happened even laterA* More information 
as to its southern range may furnish additional evidence, and con¬ 
firm the view that the crossing of the divide was effected in the 
northern section of the .Mleghcnies, and not in the south. At pres- 

“I found ix in Delaware River, Penns Maiior, Bucks Pa. Iis eJis- 
Lriliution upon the Coastal Plain is yet incoinpictely known, but it seems to 
!m; represented there at te^^t by a local (or ccoiogical?) form, Sirtiphitv^ un- 

*Al preicfti^ xhh species has a continuous range from West to East in 
the state oi New York, and thh, of course, belongs to the Poslgtadal time. 
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CHE, the £kbsence of it in the Kew River system is the most important 
fact which speaks for the assumption made above. 

Alasmidmita marginaia and Aiasmidmiia margimta su^qiu'hantjie. 

The typical western Ahsinidonta marginaio has a wide distribu¬ 
tion in the interior basin, and in the Allegheny ^loimtains it goes 
up into the headwaters of the Holston, Clinch, into New River, and 
into the uppermost Allegheny River, but it is not found in the head¬ 
waters of the mountain-tributartes of the Monongahela (although 
it is immediately below the canyon in the Cheat). In the upper 
Allegheny, it goes, like Sfrophitus^ into very smalt streams,-® and it 
is in general a species characteristic for smaller streams, avoiding 
large rivers. 

On the Atlantic side, it is represented by two forms. The one 
is Ahsmidanla vancosa, a closely allied, but nevertheless sharply 
distinct species, which has been discussed above (p, 363 f,) together 
with those forms constituting the northern element in the Atlantic 
fauna, w hich migrated, in PreglaciaS times, around the northern end 
of the Appalachian chain. 

But there is a second represeiitative on the Atlantic side, which 
has been hitherto overlooked, and which I have called Alasmidonta 
marginata susquehanmt, which stands much closer to the western 
form, in fact, h very hard to distinguish from it, Ttiis form is re¬ 
stricted to the Susquehanna drainage in Pennsylvania and New^ York, 
and it is found frequently associated with A. vurkosa, but is ahvavs 
perfectly distinct from it. 

It seems, according to the material at hand, that Ahs^mdonta 
margiwta susquehanttir has its metropolis in the Juniata River and 
the part of the Susquehanna in central Pennsylvania, which is below* 
the junction of the west and north branches. It has not been 
found in the west branch and its tributaries (although Ai v^ark&sa 
is there), hut we should consider that the fauna of this branch is 
poorly known, and that it has been largely destroyed by pollution 
from mine waters. 

Allegheny River, Lar^hee, McKean Co,; Ulile Mahoning Creek €ood- 
^-ille, Indiana Co.; LoyalhanI^a River, Ligonjer, UcstmuTcland Co,; Qu^ma- 
hoiung Creek, Stanlon's Mill, Sdmerset Co,; all in Pa. 
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In the localization of its eastern range, this form differs from 
Sir^f^hihis. But just this fact points to a connection across the 
divide with the western range of At. tnargin^ta. Tiii$ comes up, on 
the western $ide, close to the divide, and although the corresponding 
form is not known froin the West Branch Susquehanna, the dis¬ 
tribution on the eastern side suggests that it must have crossed the 
divide in this general region, presumably in consequence of stream 
capture. Thfs is the more probable^ since the western race of AL 
murginata found in the headwaters of the Allegheny in Indiana, 
Westmoreland, and Somerset Cos., in Pa., approaches the Susqiie- 
hEtnna-form much more closely dian the typical as found, 

for inslancep in the Beaver drainage. 

This leads us to consider this as a parallel case to thal of Stroph- 
iius i-dmtahis^ Ahsmidont^^ mtirginaia crossed the divide by similar 
means and in al>out the same region as Strophitus; but there is the 
difference that it did not spread beyond the Susquehanna drainage, 
This may be explained by the assumption that this crossing, in the 
case of W/ujTiudcwifa, falls into a later time. 

Of course^ this explanation is only tentative, but according to our 
present knowledge, it is the only possible one. The fact of the 
restriction of AL nmrgwata snsquchamns to the Susquehanna drain¬ 
age is of the-greatest weight lor our argument, since we cannot 
imagine that this form reached its present area by any other way. 

Syfif phyn ata tap pa man a. 

Up to shortly ago, this species was known only f rom the Atlantic 
slope, where it has a wide distributiion from Kevv England to Vir¬ 
ginia (allied species arc in Korth and South Carolina). On account 
of its relation to the western S. compressa, it appeared to fall into 
tlie group which has been designated as the northern element in the 
Atlantic fauna (indeed, Simpson, 1S96&, places it there). But after 
I discovered that this species is also found in the western drainage, 
but only in the upper Kanawha system (Greenbrier and New 
rivers), where it is extremely abundant, in fact the prevailing form 
of Najad-life, the history' of It must be different. 

Its general distrihirtion in the cast, and its localization in the 
west, might suggest that w^e have here a ease like that of Ahumw 
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donta margmatu, but rci‘%^r$€d^ and that the original range was on the 
east side, and that the upper Kanawha received it from the east» 
probably by streatn capture, since transport over land is not very 
likely on account of the improbability tliat birds (or other crea¬ 
tures) carried this species only Into the Kanawha, and refused to 
do so into other western slreams.-* 

But as we have seen above, it is not probable that the upper 
Kanawha has captured any streams of the eastern "drainage^ but 
rather the reverse is true (above, p. 346 i). The present course of 
New River represents most nearly the ancient drainage features^ 
while the eastern streams (Roanoke, Janies and pos^iblv also Po“ 
tomac) have captured sections of the old New River and Greenbrier 
system. Nevv River runs within the monntaing on ^ distinctly 
higher level than most of the other streams which have cut much 
more deeply into the Cretaceous base-level, and thus had a better 
chance to capture parts of New River, than vice versa (sec Ph XIV 
fig. 1). 

This induces us to assume that Symphynuta it^ppanww origi¬ 
nally w as a local form of the New River drainage, developed prob¬ 
ably out of the western 5. compr^ssa as an ecological mountain- 
form. In this case it is strange diat the range of S. emipressa does 
not come very near to that of S. iappamana, but this may be due to 
a subsequent restriction of the range of S. ^oiupressa.^' 

^ There 1$, however, one fact In favor of this assumption. S. tappafikm 
is out of the few ca^es of hermaphroditism known in Najadcs. If wc erant 
that in rare specimens have been transported, wc must admit the pos¬ 

sibility that a new stream miahi have becoTue stocked witli this species, by the 
transplantation Of a siiifite individuak But tJien again, vft do not know 
whether self-fertiliratiou ocours here. I mention this here, to brin^ out all 
possible arguments- 

’^ Tbe nearest place known to me for S. t^mpresm, is Little Kanawha 
River, where it is very rare, and also this locality is isolated. Forms like 
S. fompMJJo and seem to be absent m the tipper Tennessee 

drainage, but in the latter is SymphyiiQiit hohiania (which h not an 
donla), and a very donhifuL incompletely known species, S. quo/rma (LeaL 
which has a certain external resemblance to S. tapponiana^ but may be anv- 
thing. S. hahtonia h surely not clCrtely related to S. lappailitina, for it has no 
lateral hinge-teeth. It remains to be setti, whether there are any related 
forms in ibe upper Tennessee, which, wisen prcMnt, might suggest, that \^cw 
River received its species from the Tennessee. 
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After taf^pamana had reached the James dramage (it has not 
been found in the Roanoke, but only the headwaters of tliis arc 
known), it had a chance to spread on the Atlantic side and to attain 
its present wide range, exactly as the majority of the Atlantic forms^ 
favored by the same causes. It always remains a small-creek-form^ 
but just in these small creeks die best opportunities were given to 
cross from one system into the other^ 

dihiutu carina/£t« 

Ancuhsa ctirinatu is the Atlantic form and is known to me from 
the Roanoke to the Susquehanna^ where it goes up into New York 
state. In this restriction (not being found in the Delaware aijd be^ 
yond) it is different from, Strophifus and Symphynoia iappanimia^ 
’ivhich go to Neiv England, West of the divide we have s4ncu!osa 
dUatQtaj first of all in the same region where Syttiphynata iappantann 
is found (Greenbrier and New rivers); but in addition it is also 
in the upper Monongahela drainage, in Tygart and Cheat rivers; 
in the latter it goes down beloiiv the ca^nyon, as far as Cheat liaveii:, 
Fayette Co., Pa., and further it is found in West Fork River. Re¬ 
markably enough, it is absolutely absent in the upper Youghiogheny. 
although the conditions appear favorable for it. 

With exception of these localities^ in the Monongahela drainage, 
the distribution fairly well agrees with that of Symphyiwta tap- 
pQtuQfm, and vve w'on't make a mistake if we advance tlic same expla¬ 
nation for it: stream capture on the part of certain Atlantic streams 
(Roanoke and James), wditch robbed the water and the fauna of 
certain parts of the old New River drainage. Thus only the pres¬ 
ence of this form in the Tygart and Cheat needs explanation; into 
West Fork River it iindoubiedly got from the Tygart. 

The headwaters of these rivers interlock in a very^ complex ivay 
in Pocahontas and Randolph Cos., W, Va. (see PL XIL), and there 
is no objection on general principles to assume that there has been 
intercommunication of these rivers by stream capture. But condi¬ 
tions are rather obscure in this region and have been so little inves¬ 
tigated from a physiographical standpoint that it is practically ini- 
posstble to drlw any positive conclusions as to the history of the 
development of the headwaters of these systems* 
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But it is higMy interesting lo notice that tlic distribution of 
!oso dilatata in the Greenbrier on one side, and in the Tygart and 
Cheat on the other, points to stream capture in this region, and the 
theory is suggested that the Modongahela drainage encroached upon 
and robbed the Greenbrier drainage. The opposite way is not pos¬ 
sible on account of die limitation of this form northward, and this 
also speaks against the possibility of passive transport If this as¬ 
sumption U correct, it also explains the fact that the Youghiogheny, 
which also heads in the same general region, did not receive this 
species. The upper Youghiogheny flows in a higli synclinal valley, 
is more nearly an old consequent river than, for instance, the upper 
Cheat, which has cut down way below the level of the upper Yough¬ 
iogheny, Thus it is impossible that the latter ever robbed the Cheat, 
capturing its fauna; ratlier the opposite has happened, and probably 
is happening non'. 

The Atlantic form, Ancuhsa carinaig, after having reached the 
Koanoke and James, and after having become established on the 
eastern side, had the same tendency to spread as the rest of the 
Atlantic forms. But it did not go so far as many others, reaching 
only the Susquehanna drainage. In this case northward migration 
probably was due to the crossing over divides (by stream capture) 
in the mountain region, Ancuhsa is a shell characteristic for rough 
water in mountain streams and goes possibly farther up than any 
other of the forms discussed here. In the lowlands, it has never 
been found, and it is also less frequent in the Piedmont section of 
the streams, although present there. Thus its migration very likely 
took place chiefiy within the mountains, and I think that Its limited 
mngo norlh%vard is due to this fact. 

• The gcnii.s is represented in the uppermost Tennessee 

drainage by the species Atii-tilosft ffibbosa, which is to a certain 
degree related to the cfifatofa-ranViafo-group. In fact, the Tennessee 
drainage is the only other region where relations of this are found. 
Tins makes it clear that N'ew* River must have received its Ancuicstt. 
stock from the upper Tennessee. It is hard to say how this was 
accomplished. We have seen (p. 332 f.) that stream capture was rare 
in this region: at any rate, if there was any. it was rather in the 
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opposite direction. Nevertheless, there might have been c^es where 
in the headwater region smaller streams have been deflected from 
the Hotston or Clinch to tlie New River, and since Auciitosv is an 
abundant sman-creek-t\*pe, it might thus have managed to get 
But in this case also transportation is to he considered as a possible 
means, since many of the headwaters originate in the sanie longi¬ 
tudinal valleys, and come vcr>' close to each other without sharp 
barriers beriveen them. But the fact that the species In the two 
systems are sharply distinct speaks against this, for if transport 
had been possible once, it should have been possible repeatedly, 
which would have prevented specific isolation, 

Cambarus longulus. 

The distribution of this species again agrees, in a general way, 
with that of Sympliynota lapfiattiaKa and of ^iriadesa, but is ratlier 
more restricted on either side. 

It is extremely common in the whole Greenbrier and New River 
drainages. It is also found in the upper Tennessee. On the eastern 
side it is common in the James drainage, but has not been found in 
the Roanoke, and besides, it has been reported from the uppermost 
Shenandoah (Waynesboro, Augusta Co., Va,), Farther north, chiefly 
in the rest of the Potomac drainage, it is positively absent, and also 
on the west side it does not go into die upper Monongahela system 
(as /incutosa does). 

Its presence in New River and Tctinessee in forms which are spe- 
eifleattr identical shows a closer connection of these tsvo faunas 
than in any of the previous cases. We Iiave seen that in Cambarus 
barloni, a closely allied species, general distribution is very likely 
due to active or passive migration across divides. This might be 
true also here. But Cupiibanr; longultii differs from C, bar/ofti in 
its ecological habits, inhabiting preferably larger mountain streams, 
and not the smallest headwaters or even springs, as C, bor/out does. 
For all practical purposes we may compare C. longithts with 
hsa, and whatever the means were which permitted Ancuhm to gel 
from the Tennessee into the New- River, might have worked as w'cll 
in the case of this crayfish. Having reached the New and Green- 
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brier, It did not go bejond this drainage on the wcatern side and 
did not reach upper Tygart and Qieat as AncHlosa did. The rea¬ 
sons for this as well as for the fact that it did not become specificallj* 
distinct in Ndiv River are unknown for the present, but probably 
they are to be found in a difference of the time of migration front 
that of Anenhsa, 

From New River, C. got into James River by the same 

means as Symphyttoia ittppamana and Attfuhso, i. e., by stream 
capture. It did not get out of this drain^e except at one place, in 
the uppermost Slienandoah, This is probably to be connected with 
the stream piracy committed by the Shenandoah all along its present 
valley (see above, p. 347)- Just at Waynesboro tliere is a wind gap 
in the Blue Ridge, Rockhsh Gap, which undoubtedly once sen-ed as 
an outlet for a tributary of the James River (Rochfish Creek or 
Mechum River), which was beheaded by the Shenandoah exactly 
as was Beaverdam Creek at Snickers Gap (Davis, 1S91, p. 576). 

The question remains, why C. tofigulus did not spread over the 
rest of the Shenandoah and Potomac drainage. This may be due 
to ecological causes. The species may not find farther down in the 
Shenandoah a congenial environment, Wliere I found C. 
the water was always rough and full of rocks, and the lower Shen¬ 
andoah, although by no means a sluggish river, has considerable 
quiet stretches, I also found this species generally at elevations 
higher than the Shenandoah in the average. This would correspond 
to a degree to the conditions seen in C. bartoni^ which is also a spe¬ 
cies avoiding larger streams and quiet water. 

Taking these last three cases together, Symphynota tappaniam, 
Ancuhsa, and Cambartts hnguius, it is seen that, although they 
differ in particulars, they fall under one general head, and that very 
likely similar causes were working to effect their distribution. Dis¬ 
regarding Stropkitus and Alasmsdoitta, which probably crossed the 
divide farther north, they are the only cases where freshwater forms 
seem to have crossed the Allegheny divide in its central parts, prob¬ 
ably by the help of stream capture. 

The total number of such cases is very small compared with the 
numerous cases which follow the general rule, that the Allegheny 
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MoEititains have formed and are forming a sharp barrier bchveen 
the western and eastern fauna. But this h exactly what vvas to be 
expected, for the distribution of freshwater animals is primarily 
governed hy the conformation of the drainage $i>^stenis and their 
boundaries, provided there are no exceptional means of dispersal 
which permit a transport or migratiou over land. 

Special Cases, 

So far we have attempted to explain those cases which submitted 
to a classification such as has been given above (Chapter 4, pp. 
33 ®^ 34 l)- But perusing the end of Chapter 2 (pp. 324, 325), we see 
that not all forms have been treated and that there are among the 
Ndjadcs at least three others which show special features. These 
are: Margaritana Eurym^ constrkta, EuryHia nasutn. 

We may pass over Enryma coiisirscta with a few words. This 
species belongs undoubtedly to tlie southern element in the Atlantic 
fauna, and has been treated with it abo%e. The peculiarity in this 
case is that it has an extremely closely allied species in the head¬ 
waters of the Holston (and elsewhere in the Tennessee drainage). 
It might be possible that here ue have evidence of a direct crossing 
from the Holston into the Atlantic drainage. But as far as vve 
know, the two species do not cotne in dose contact with each other 
ill the region investigated, and if there is any contact it is some- 
wdiere else, probably in the southern Appalachians, and this case 
thus would belong to the Tennessce-Coosa problem. U should be 
added that probably al$o two crayfishes fall into the same class, 
Cantbarus acumtnutus and C. sf^iKosus^ 

The other two cases mitsl be treated separately, each forming a 
class by itself, 

Margatifma vmrgaritiferf^- 

In our region this species is found exclusively in the upper 
Schuylkill drainage in Pennsylvania (Schuylkill Co.). This is the 
only locality known outside (to the south) of the terminal Moraine. 
Farther to the northeast, within the Cilacial area, in New York and 
Nevv England, and all the tvay to New^ Fottndland, this species is 
rather abundant. In addition, it is found (in a somewhat different 
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form) in northwestern Xorth Amerit^ and in absolutely the same 
form in Iceland anJ parts of Europe and Asia* The distributiemaJ 
facts have been sunimarked by Walker and as to the origin 

of the distribution he draws the conclusion (/. p. 139) that the 
presence of this species in noriheastcrn North America is best ex- 
plained by the assumption that it ininiigratcd+ probably in late 
Tertiary times, from Europe by a land-bridge over Iceland and 
Greenland. 

I accept this fully. Also the idea of Walker, that the Glacial 
epoch restricted the range of this species, must be accepted. In 
fact, we are to regard the present station in Pennsylvania as t/ie last 
Tcnniant f/ie Giorifl/ refugium of this species^ jnst in front of the 
terminal Moraine, Here it survived and the present distribution is 
largely a Postglacial re-occupatlon of lost territory,"’' and in this it 
fully agrees with the other Atlantic forms, chiefly the northern ele¬ 
ment. It differs, however, from the latter in its ecological prefer¬ 
ences ; MargiirUana is a form of cold water and is averse to limestone. 

Thus it is evident that Margaritano is a stranger among the other 
NaJ&des of the Atlantic side, in fact, it is an element of the North 
American fauna which stands by itself and has been subject to en¬ 
tirely different laws in its distribution. It is true, there is 3 shell 
in the interior basin w^hicb is allied to it, but only remotely so^ be¬ 
longing to another genus: Cumbcrhndia mon£fdonta (Say), Anollter 
one is MaTgartiana hembeli (Conrad) from southern Alabama and 
Louisiana.” Both of these do not seem to have any direct genetic 
connection with JJ. margartiifera and are probably relics of a former 
more general distribution of this most primitive and archaic group 
of Na jades, utidoubtcdly reaching back in their history far beyond 
the other Najades and far into Mesozoic times, 

Euryfiia nastiia. 

On the Atlantic side this species is found from the Delaware 

■'Ti is doubtful, wliether all of the present range was regained from this 
Penn5>'lvanian stock; it is quite possible, that there w^erc other refugta, sit- 
ualed ou the fortruir seaward extension ot the present coast. The Pcnn^l- 
vanian relugiuui Is the only one, which has been positively ascertained. 

»Thc so called Marffariiana decumbetu fLea’) of Akbiiina i^ an ex¬ 
tremely doubtful furm in every respect (see Walker, L Cr, p. iafi). 
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River estuary northvva^rd^ and goes probably a little farther south 
on the Coastal Plain Into Virginia. Tn this distribution it would 
agree very well with the northern stock of the Atlantic fauna. But 
it differs from the rtiembers belonging to this in that it ha$ no teprer 
sentative species in the upper Ohio basin. However^ it is found on 
the western side of the Alleghenies and is Avidetj distributed tii the 
lake drainage, cliiefly in Lake Eric and the state of Michigan, and 
it is absolutely the same form that is found thete^ The fact is that 
these ranges are not disconnected, but appear to be rather continuous 
across the state of New York and the known localities follow in 
a general way the line of the present Erie canal from Buffalo to the 
Hudson River at Albany* This region lies outside the scope of the 
present paper, but it should be mentioned here that there are other 
western species of A'a/ndej which follo^v the same line of dispersal 
eastward from the St. Law rence drainage to Hudson River. It is 
very likely that Eurynia nasuta belongs to this group, and it prob¬ 
ably is the One of them which has reached in modern times the 
widest dispersal upon the Atlantic side. Its western origin h con¬ 
firmed by the fact that the only species allied to it, Ettryma sub- 
rosirala (Say), is western and is found in the central and w'estem 
parts of the interior basin in large, quiet rivers, ponds and lakes, 
avoiding rough water and strong current. For this reason, prob¬ 
ably, il is not found in the upper Ohio drainage. This species has 
crossed somewhere in the region from northern Illinois to northern 
Ohio into the lake drainage^ developed there into the species nasuta, 
which then spread eastward, following the quiet waters of the lakes 
and those of the canal till it reached die estuary of tlie Hudson, 
Thence it liad no difficulty to spread farther over the Coastal Plain 
and reached across New Jersey^® the lower Delaware, and even be- 
} ond. Also on the Atlantic side it preserves its preference for lakes^ 
estuaries, canals, etc., that is to say, for quiet water. 

W’^c thus are to regard Euryma fiasulo as a quite recent immi¬ 
grant in the Atlantic drainage, belonging surely to the Postglacial 
lime, and this immigration might have been completed even by tlte 

It h prescfit, fur instance, in the Dctaw^rc-Raritan canal at Princeton, 

N, J. 
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help of the mmlem, artificial canals, Bui, of course, it is difficult 
to decide positively whether canals have played a necessary part in 
this dispersal. This question should be investigated in connection 
with the other western forms, which have taken tlie route of the 
Erie canal; but this i$ not our present object. 


The above studies would be more complete if the conclusions 
were supported by palcontologicai evidence; if we had fossil rem¬ 
nants of Nafades or other aquatic creatures which would give us 
an idea as to the faunas of the tivo watersheds in the past chieflv 
during Tertiary times. It is very much to be regretted that prac- 
tically nothing h known in this line. 

There is indeed a famous locality. Fish House, Camden Co 
New Jersey, opposite Philadelphia, which has yielded fossil 
probably belonging to the Glacial time. These shells have been de¬ 
scribed and discussed by Lea and chiefly by Whitfield (Mon, U. S. 
Geol. Surv., 9, 1885), and their geological age iias been ascertained 
by Wnolman (Ann, Rep. Geol. Surv. K. J. (for 1896). iS07 o 

ffO. Pilsbrj' CPn Ac, P/nVnd., ,896, p, 567) and Simpson ('pr! 
L). S. Mus,, 1895, p. 338). But for the present time these fossils 
are absolutely useless, because westem affinities have been main¬ 
tained for these species, which surely do not exist. The species 
have been identified mainly from casts, and Lea as well as Whitfield 
have indicated, by the names given to them, tlieir supposed affinities 
to western species. 1 have taken the trouble of making plaster 
casts of the inside of specimens of the living species with which they 
have been correlated, and practically in all cases it became evident 
at a glance that there was no similarity at all. 

But this should be the subject of a special paper, It suffices here 
to make the statement, first, that the number of species described 
from tills deposit (about a doaen) should be reduced to not more 
than three or four, and second, that there is not a single one which 
has distinct and unmistakable affinities to any typical western species 


I4I3-1 


ORTAUKN-^THE ALLEGHESlAX DIVIDE. 


SSI 


SUMMARY OF CONCLUSIOKS. 

I. I think that the present i&ttidLcs have demonstrated the funda¬ 
mental fact, th<ft ct^rtain freshtrater miimals apt to furnish im¬ 
portant ei'idetice for past conditiom of drainage by their present 
distribution,, while others are not. The most important of the 
former are the Najades^ There are many eases (not only in our 
region) where indentical or closely allied species are found in dif¬ 
ferent drainage systems which have at present no direct w^ater con¬ 
nection. Such case$ are generally restricted to timitedf well-defined 
regiotis. 

In our region we have seen that such cases exist in tlie mountains 
in the section which has the upper Xew River for its center; but 
similar instances are known in Fcnnsylvaniaj In the headwaters of 
die Susquehanna, 

This localisation is the most important evidence against the 
assumption that passive transport over land has played a part In 
these cases: if thts was possible at all, or if it was a factor to be 
considered^ evidence for this should be general. But just whore 
we might expect that transport should have worked by all means, 
there is no evidence whatever for it. This is most especially true 
in the case of the divide between the upper Tennessee drainage and 
that of New River, If Najddes should-be able to cross divides by 
being transported; it should have happened just here. Also the gen¬ 
eral condition of die eastern and western fauna, its dissimilarity, 
shows that Najades were not transported across the mountains. 

Very likely the freshwater snails of the family Fleurocend^e 
submit to the same general law' as the N a jades and are important for 
the study of the old drainage features. But they should be further 
studied, chiefly with regard to their actual distribution, their sy^s- 
tematics and relationships. Finally, some craydisbes of the genus 
Cambarus arc extren^ly valuable In this respect, but unfortunately 
their number i$ not great. 

X The Allegheny system forms an old and very wen-marked 
boundary between aquatic animals inhabiting the interior basin and 
the Atlantic slope r This harrier may have been rendered insignifi- 
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of 111 r' '’" subsequent rejuvenation 

of all drainage svstenis, this barrier has been emphasised again and 
persists to the present time. ® 

3- The twiformity p/ ,/j^ fau,,a of the upper Ohio bastt, fj a 
cfKirmeracqmred u, Postglacial times, and It has been shown tliat 

no. only B.g S.„d, Riv„. b™ a.» Licking Rh,,. .„d p^ibl, Z 

cZZL^^:zz%:ZTm‘° 

.jHiicssce ora mage. In this case eoageograpMeal efi- 

PM hrcir S' j’'' ■>"'>• “ »™n 

part has been eonsidered a Ihe present paper, and rvhich deserves 
more delatled sindy. Other remnants of what mJsht be Pregladal 
^.nas are post, hly seen in th. headwaters of the 5onongah f “ d 
Kanawha nvers. Bnt !„ these eases the phvsiographieal de^C 
ntent of ti,«e parts mnst be studied nrnre dose'y befnl „ 1 
arrive at a final conclusion, 

S- The .dtfautic fauuo is a distinct fauna and the creation of tu>o 
fouual promnees. Mtss\ssippiau and .dtla/itic (Simpson loL n 
S05). « fully instiled. X.vxrthdcss. th. Atlantic C isT;.c 
ndar 3 on., derived originally from that of the interior basin and 

e a northern and a southenu The northern came from the 

interior basin around the northern end of the Alleghenies ; Uie south- 
ern came around tlie southern end. Tlie former belongs to the Pre- 

with the Tenness^CoX'^prob^er'''’' 
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by Adams < 1902 and 1905), But this route was available aho for 
aquatic forms of life and lies probably mainly upon the Coastal 
Plain, \vhcre barriers are largely removed by base-leveling. To a 
smaller degree stream piracy in the uplands may have played a part 
in the dispersal of the Atlantic forms. 

8. !n the nioufttains ive knanv a few cases tvhich indicate crossing 
of the dk'ide, but compared with the mass of the fauna, these rases 
are very insignificant. However, they are zoograpbicalty of the 
greatest interest in so far as they ittdicate probable cases of stream 
capture. In order to properly understand these cases, die physiog¬ 
raphy of the region involved should be studied more closely, 

Q. lit additiott^ tee hai’e on the jltlantic side a few eases of ab¬ 
normal distribution for which special cx^planaiiotts have been ad¬ 
vanced, One of them concerns a form, il/ar^arrtaad inargaritifera, 
which differs in the origin of its distribution entirely from all North 
American Najades** and which is a stranger in our fauna. The 
other case, Eurynia nasuta, possibly is due to Postglacial migration 
from the St, Lawrence basin to the .Atlantic slope, and may be in 
part quite recent. 

lo. Further investigations should be made primarily in the region 
of the southern Atlantic slope and in the southern Appalacliians, and 
should be connected with tlie study of the Tennessee-Coosa problem 
from the zodgeographical side. In this region there are extremely 
interesting conditions, which, however, are vert' unsatisfactorily 
known, and have led Johnson (19^5) tlj® erroneous assumption 
that the evidence taken front the Nojades is unreliable with regard 
to the reconstruction of the old drainage systems. 

In addition, other freshwater groups should be studied. In the 
present paper the Najades have furnished the chief evidence, but it 
has been shown that also certain Gastropods and the Cray^sbes are 
or might be valuable; but there arc surely other groups, chiefly the 
Fishes. 

.At present, only a land snail, Heiis Hortensis MutlL falls under the 
same head. 

\ 

rsoG. AMU. ruiL. sac. ui, ato a, i«i^cd july iS tpij. 
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explan^j^tion of plate xn. 

Map of tbe AiiHSHESir SviTtu op Vibcinia, West Viminia, Mahvlanii 

AND PENNSirLTANlA, 


The chief Ph^siographkal Dit)t$iont aftj 

„f't^teaui AM: Alleftien^ MoDniains; AV: Allegheny 
vallej ; PP; P,«ln,oflt PhiteaL; CF: Cowtal Plain. They are narked^ff Z 
heavy dotted lines. From the upper Omeh RiVcr ta Covington, on Jackson 
River, ftos another dotted line, which indicates the chief /o*f^ of this n^on, 
dtscusi^ ,n chapter S. p. 345- The line of heavy d«hes represents the 
dtiide brtween the Interior ^stn drainage in the West, and that of the 
Atlantre Slope (including the St, Lawrence) iq the East and North. 

The following ahhreviations for rivers and creeks have been used ■ 


Upper Ohi^ and Afle^heny drain^^e* 
AU= Alleghetiy River. 

Beaver River. 

Clarion River. 

Off=!Conemaiifh River 

Potato Creek. 


Cr=i Crooked Creek. 
F#-= French Creek. 

Kis — Kiskhsln^aa River. 
Loy =i Lo>^haiina River. 
~ Mahoning Creek 


Om — Qucmahoniiig Creek. 
/?5 = Red Bank Creek 


i^fott&Hffahe^a drainage z 
R/= Black water River, 

.Bii — BuckhaniiDn River. 
DF= Dr>' Fork, 


SF=S!i4verft Fork, 

—T>igart River. 

rFF=:West Fork River, 


Triimlanes pf Ohw im 
F=Fish Creek. 

Fishing Creek, 
Hughes Raver. 


Fi>£n'wid and Kentucky: 

L. F^ = Levifia Fork of Big Sandy 
River* 

Lr. Xan = Utile Kanawha River* 
/.^Middle Island Creek. 


Oe/dKqjre drainage: 
Lehigh River^ 


Liff^ljeard Creek 


F = Princess Creek 


drainage: 

Cm C- ^ Cush Cushion Creek 

Cih “Cheat Creek. 

C/= Clearfield Creek 
Cowrfd = Conc 4 ogtiinet Creek 
CiMifw Conewago Creek. 


" North Blanch of Susttti&- 
hanna. 

Si^ Sinnemahonlng Creek 
p^w^^Swatara Creek, 
ri = Tioga Creek. 

JF, B, = West Branch of Susque^ 
hpnna. 
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Fo/cFWafff dmma^e: 

= AntittsiJii Cr«k, 5. F. = Siiuth Brutck Folom^ 

River. 

Cos = Co*oococlicague Creek. = Tonoloway Creek. 

JV+ ™ North Br^eh Pe)toirt4C U'^^WiDs Creek 
River. 

Jam^S drc-ifta^e^ 

X'—North River (headwaters ^ledl Calf Pasture River), 

/fF = RMkfish Creek. Rivanna River. 

Roanoke drainage: 

N. F. ~ North Fork Roafioke RJvefp 

Hotsian drainage: 

Hahion — Nonli T^ork Holstoo S. F. — SoulJi Fork Holston River. 
River. 

il/. F. — Middle Fork Holstoa River. 


EXPL.\NATION OF PLATE Kill. 

Profiles of RtvEHS. 

Fjc. I. Profile up from Piitsbuf^h, Pa., alon^ Allegheny River, Malioo- 
in^ and Little Mahoning Creeks to Divide, and thence down along Cnsh 
Cushion Creek, West Branch Susquehanna^ and Susquehanna River to Havre 
dc Grace, Md. (sea level). 

Between Curvensville and Keating the river has not been accurately sur¬ 
veyed. 

Compiled from: V. S. GeoL Surv, Atlas Sheets, and Hoyt and Ander¬ 
son. 1905, pL aB and 29. 

Fic, a Profile from a little above McKeesport, Pa.* up the Mononga- 
bela and its tributaries (Youghiogheny. Cheat and Shavers Fork, Tygart 
Valley River, West Fork River) to the Divide, and thence down the South 
and North Brandi and the Potomac River, to Washington, D. C. 

The sources of Shavers Fork and South Branch Potomac are about 
twenty miles apart. On account of the e^raggerated vertical scale, the head¬ 
waters of all livers appear much longer than they actually are. 

Compiled from: U. S. Geol. Surv. Atlas Sheets, and Bolster, TQoy, pi. 5 
and 6. 
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explanation of plate XiV. 

PjtOflLES or Riveks and Moustaiss, 

«P the Kanawha, New and 
Greenbrier Rivers, to the Divide, and thence down the Jackson and North 
avers to Lynchburg, Va, on James River. Also the profile of the upper 
Roanolie is given and its location with reference to New River, and the old 
abandoned vallir connecting the two. The apper parts of New River are only 
roughly iJcctchctL J 

apart^*** Greenbrier and Jackson Rivers are about fifteen miles 

Compiled from U, S. Geol, Surv, Atlas Sheets 
r "■ alone the crest of the Allegheny Front, and the ranges 

farther Mulh (Peters and East River Mountains), which form it* eontinL 

'V "tofntnins are indicated 

^ dotted hues. In the region of the B. & O. Tunnel e^iact data are missing. 
Ihe two sections o£ me profile arc connected at ThA ran^P 

Dans Mountain is Savage and Backbone Mountaia ® ^ 

Compiled from Li. S. GeoL Surv, Atlat Sheets. 

* 

Exptati^tion of abbrcz^ifiihnj: 

Sir^ams: 

C/—South Fork Clinch I^iver. 

St ^ Stony Crx:ck. 


O'lf = Dunlap Cr«lL 
iVp Fit. Br. P&i. =5 North Fork of 
South Branch Potomac. 


.V, Hr. ^ North Branch Potomac, 

Roy=Raysiowr Branch Juniata 
Riv. 

Dwpp ^ Dunning Cretk, 

Fra. /uH. = Frankstown Branch 
Juniata River* 




Totttm* 

Cot CovingtoTip Va, 

Petersburg W, Va. 

Cttwfc = Cumbtrlaod, Md. 

Holi Holliday^hu rg. Pa. 

It h believed that the depression i; 
remnant of thi Cretaceous Peneplain. 


Tunnch: 

"' c.^B and Ohio 

p P <?-=Baltimort and Ohio E E 
P. R. E —Pennsylvania E. R. 

the region of the C & O. Tunnel is a 
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THE RELATION BETWEEN THE PHYSICAL STATE OF 
BRAIN CELLS AND BILAIN FUNCTIONS—EXPERI¬ 
MENTAL AND CLINICAL. 


Bv GEO. W. CRILE, M D. 
iR^ad April iS, 

The brain in all animals (including man) is but the clearing" 
house for reactions to environment,—for animals are essentially 
motor or neuro-motor mechanisms, composed of many parts, it is 
true, but integrated by the nervous system. Throughout the phylo¬ 
genetic history of tlic race the stimuli of environment have driven 
this mechanism p whose seat of power—the battery—is the brain. 

Since all normal life depends upon the response of the brain to 
the daily stimulip we should expect in health as well a$ in disease to 
6nd modiiicatians of the functions and the physical state of the 
component parts of this central battery—the brain cells. Although 
we must believe^ theu^ that cvery^ reaction to stimuli, however slightp 
produces a corresponding change in the brain cells, ^et tliere are 
certain normal, that is, non-diseased conditions which produce espe¬ 
cially striking changes. The cell changes due to the emotions, for 
example, are so simibr, and in extreme conditions approach so 
closely to the changes produced by disease, that it is impossible to 
say where the normal ceases and the abnormal begins. 

In view of the similarity of brain cell changes, it is not strange 
that in the clmic as well as in daily life, we are confronted constantly 
by outward manifestations so nearly identical that the true under- 
lying cause of the condition is too often overlooked or misunder¬ 
stood. In our laboratory experiments and our clinical observations 
we have found that exhaustion from intense emotion, from prolonged 
physical exertion, from insomnia, from intense fear, cerlain toxe¬ 
mias, hemorrhage, and the conditions commonly denominated sur- 
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gical shocks produce simitar outward manifestations and identical 
brain Cell cliaisges. 

It is, thereforet the purpose of this paper to present the definite 
results of certain laboratory researches which show certain relations 
between the alteration in brain functions and alterations in the brain 
cells. 

—Our experiments showed that the brain cell changes due 
to fear may be divided into two stages: FirsL that of hyper chro¬ 
matism—stimulation; second, that of hypochromatism—exhaustion, 
Hjiierchromatism was showm only in the presence of the activating 
stimuli or within a very short lime after they had been received- 
This state gradually changed until the period of maximum exhaus¬ 
tion w^as reached, about six hours later. Then a process of recon¬ 
struction began and continued until the normal stale was again 
reached. 

Fatigue.— Fatigue from overexertion produced in the brain cells 
like changes to those produced by fear, these changes being propor¬ 
tional to the amount of exertion. In die extreme stage of exhaus¬ 
tion from this cause avc found that the total quantity of Mtssl sub¬ 
stance ^vas enormously reduced. If the exertion is too greatly 
prolongedg it may take weeks or months for the cells to be restored 
to their normal condition. In fact, in exhaustion from the emotions 
or from physical ivork a certain number of brain cells are perma¬ 
nently lost. This probably explains the fact that an athlete or a 
race horse trained to the point of highest efficiency can but once in 
bis life reach his maximum record. Under certain conditions, how- 
everj, it may be possible that though some chromatin is forever lost^ 
the remainder may be so remarkably developed that for a Itme at 
least it will compensate for that which is gone. 

Hemorrhage,—T he loss of blood from any cause, if sufficient 
to reduce the blood 'pressure, will occasion a change in the brain 
celbj provided the period of hypotension lasts more than five min- 
utesn This time limit is a safeguard against permanent injury from 
the temporary hypotension which causes one to faint. If the hem¬ 
orrhage is long continued and the blood pressure is loiv^ there will 
be a permanent loss of some of the brain cells. This is why an indi- 
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vidtial will never again be restored to his origina| powers after suf¬ 
fering from a prolonged hemorrhage. 

Drugs,—A ccording to their effect upon tlie brain cells, drugs may 
be divided into three classes: First, those that stimulate brain cells 
to increased activitj',—as strychnine j second, those tliat chemically 



FifL 2. Arcs from cerebellurti, rabbit, during fri^hL 



Km, Area from eercbctlurn, mbb^t, 5 hours after frighL 

destroy the brain cells,—as alcohol and iodoform; third, those that 

suspend the functions of the cells without damaging them,_as 

nitrous oxide, ether, morphia. Our experiments showed that brain 
cell changes induced by drugs of the first class are precisely the ^anie 
as the cycle of changes produced by the emotions and physical 
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activity. We found that stnclinia, according to the dosage^ caused 
convulsions ending in exhaustion and death; excitation followed by 
lassitude; stinntlation without notable after results; or increased 
mental fajir. The brain cells accurately displayed these physiologic 
alterations in proportional hyperchromatism in the active stages, and 
proportional chromatolysis in the stages of reaction. The biologic 
and therapeutic application of this proof is as obvious as it Is 
important. 

Alcohol in large and repeated dosage caused marked morphologic 
changes in the brain celts which went as far even as destruction of 
the cells. Ether^ on the other hand^ even after five hours of admin¬ 
istration^ produced no observable de&lTuctive changes in tlic cells. 

The effect of iodoform was peculiarly interesting, as it was the 
only drug that produced fever. Its observed effect upon the brain 
cells was that of widespread destruction. 

Infections. —In every observation on dogs and on man pyogenic 
infections caused definite and demonstrable lesions in certain cells 
of the nervous system, the changes in the cortex and the cerebellum 
being most marked. For example, in infections the result of bowel 
obstruction, in peritonitis, and in osteomyelitis causing death, the 
real lesion is in the brain cells. The lassitude, diminished metual 
power, excitahility, irritability, restlessness, delirium and uncon¬ 
sciousness that may be associated with acute infections, tve may rea¬ 
sonably conclude are due to physical changes in the brain cells. 

Gra\^s’ Disease, —In Graves* disease the brain cells showed 
marked changes which wore apparently the same those produced 
by overwork, by the emotions, and by strychnine. In one advanced 
case it was found that the brain had lost permanently a targe number 
of celts. This is the reason undoubtedly why a severe case of 
exophthalmic goitre sustains such a perraanotit loss of brain powrer. 

Ixso^iXiA.—The brains of rabbits which had been kept awake 
for too hours showed precisely the same changes as those shown in 
physical fatigue, strychnine poisoning and exhaustion from emo¬ 
tional stimulation. Eight hours of continuous sleep restored all the 
cells except those that had been completely exhausted. Thb will 
explain the p«rtnattcnt effect of long-continued insomnia,that is. 
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long-continued insomnia permanently destroys a part of the brain 
cells just as do too great physical exertion, certain drugs, emotional 
strain, exophllialmic goitre or hemorrhage. We found, however^ 
that if instead of natural sleep the rabbits were placed for the same 
number of hours under nitrons oxide anesthesia, not only were 
the brain cells prevented from physical deterioration, but that 90 
per cent, of them became hyperchromatic. This gives us a possible 
clue to the actual chemical effect of sleep. For since nitrous oxide 
owes its anesUietJc effect to its influence upon oxidation, we may 



Fiud, Area from cercbellutn, woodchuck, hibernating, 

infer that sleep also is a question of oxidation of the cell content. 
If this is true, then it is probable that inhalatipn anesthetics exert 
their peculiar influence upon that portion of the brain through which 
sleep itself is produced. If nitrons oxide anesthesia and sleep are 
chemically identical, then we have a further clue to one of the pri¬ 
mary' mechanisms of life itself i and as a practical corollary one 
might be able to produce artificial sleep very' closely' resembling 
normal sleep, and with this ady^antage,—tliat by using an anestbelic 
interfering with oxidation the brain cells might be reconslmcted 
after physical fatigue, after emotional strain, or after the depression 
of disease. 

In the case of the rabbit in which nitrous oxide was substituted 
for sleep the appearance of the brain cells resembled those in but 
one other group experimentally examined,—the hibernating wood¬ 
chucks. 
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iNSAXm'*—Our researches have shown that in ttie course of a 
fatal disease and in fatal exhaustion, however produced, death does 
not ensue until there is marked disorganization of the brain tissue. 
In the progress of disease or exhaustion one may see in different 
patients every' outw^ard manifestation of mental deterioration 
—manifestations which, in a person who does not show any 
other sign of physical disease, mark him as Insane, Take, for ex- 
ample, the progressive mental state of a brilliant scholar suffering 
from t)^hoid fever. On the first day of the gradual onset of the 
disease he would notice that his mental power was below its maxi- 



Fan. 7. x\rea from cerebellum^ woodchuck, after fright. 


mum efficiency; on the second he would notice a further deteriora¬ 
tion, and so the mental effect of his disease would progress until he 
would find it impossible to express a thought or to make a deduction. 
No one can be philanthropic wdth jaundice; no one suffering from 
Graves" disease can be generous; no mental process is possible in 
the course of the acute infectious diseases. Just prior to death from 
any cause everyone is in a mental stale which if it could be continued 
would cause that individual to be judged insane. If the delirium 
that occurs in the course of certain diseases could be continued the 
patient would be Judged uisaiie. In severe cases of Graves' disease 
tlie patient is insane. Individuals may be temporarily insane under 
overwhelming emotion. Eveiy' clinician has seen great numbers of 
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cases of insanity as phases of a disease, of an injury, or of ait emo¬ 
tion, The stage of excitation in anesthesia is insanity, The only 
difference between what is conventionally called insanity and the 
fleeting insanity of the sick and the injured is that of time. We may 
conclude, therefore, what must be the brain picture of the person 
tsho is permanently insane. Tliis g priori reasoning is all that is 
possible, since the study of the brain in the insane has thus far been 
wholly on the brains of those who have died of some disease. And 
it is impossible to say which changes have been produced by the fatal 
disease, and which by the condition producing insanitv. The only 
logical way of investigating the physical basis of insanity would be 
to make use of the very' rare opportunity of studying accidental 
death in the insane. 

Our experiments have proved conclusively that whether we call 
a [»rson fatigued or diseased, the brain cells undergo physical de¬ 
terioration, accompanied by' loss of mental power. Even to the 
minutest detail we can show a direct relationship between the phys¬ 
ical state of the brain cells and the mental power of the individualj_ 

that is. the physical power of a person goes pari passu with his 
mental power. Indeed, it is impossible to conceive how any mental 
action, however subtle, can occur without a corresponding change 
in the nerve ceils. It is possible now- to measure onlv the evidences 
of gross and violent mental activity on the brain cells. At some 
future time it will doubtless be possible to so refine the technique 
that more subtle changes may similarly be measured. Nevertheless, 
with the means at our disposal we have shown already that in all 
these conditions the cells of the cortex showed the greatest changes i 
and that loss of the higher mental functions accompanied the cell 
deterioration. 

Cleveland, Ohio, 

ApxUr 1913 . 


RADIATED AND RECEIVED ENERGY IN RADIO- 
TELEGR/’lPHY. 

Bv- L, \\\ AUSTIN. 

{Read A/<ril iq, ipij.) 

Duddetl and Taylor* were the first eKpcrimenters to attempt to 
determine the laws retating currents in the sending and receiving 
antennas used in radiotelegraphy. Tlieir first experiments were car¬ 
ried on near London with distances of only a few hundred yards 
between the antennas. A little later these experiments were re¬ 
peated on a larger scale on the Irish Sea between a land station and 
the steamer Motwrek, the experiments in this case being extended 
up to about sixty miles. Their work served to show that up to the 
distances mentioned the received current fell off directly m propor¬ 
tion to the distance in accordance with the Hertzian equation for the 
electric force in' the equatorial plane of an oscillator. 

Tile determination of this law at once aroused great hopes in the 
minds of all workers in radiotelegraphy for the establishment of 
long distance communication. It was well known that witii a K-W. 
and with moderate sized antennas it was quite possible to send mes¬ 
sages over distances of three hundred miles in the daytime. From 
this it was easily calculated in accordance with the Duddell and 
Taylor law, that it vvould be necessary to use only to KAV. with 
antennas 400 feet high to carry on communication up to 3,000 miles. 
When the attempt was made, however, it was found that only on 
exceptionally favorable nights was any communication at ail possible, 
even with two or three times the calculated power, and of course 
none at all in the daytime. This showed at once that the Duddell 
and Taylor law was not applicable at great distances, and it began 
to be assumed that for communication over water an absorption 

' Duclitc]| and Taylor, Eleclrician, 55, p, 260, 1505, 
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existed similar lo that which had long been reeogniaed in overland 
communication. 

In 1909/10 the United States Navy carried on experiments be¬ 
tween the high power Fessenden station at Brant Rock and the scout 
cruisers and Salemr In these experiments regular day 

communication* was obtained up to Soo miles between the ships, and 
about 1,200 miles between the high power station and the ships. 
Quantitative experiments on the effect of the height of sending 
and receiving antennae were also carried on at this time, which 
verified the results of Marconi, Diiddcll and Taylor, and Pierce* 
The results of all this work were finally summarized in the formula 


1 , 

k' 



(0 


where Ijt h the receiving antenna current, the sending antenna 
current, ft, and the heights to the centers of capacity of the two 
antennas, A the wave-length, and d the distance; the currents being 
measured in amperes and the lengths In kilometers. In this formula 
the resistance of the receiving antenna was arbitrarily taken as 25 
ohms, that being the resistance of the Brant Rock station under the 
conditions of experiment. That the resistance was the same at both 
wave-lengths used (1,000 meters and 3,750 meters) was due to the 
fact that a series condenser was used in the Brant Rock antenna at 
the shorter wave-length. On the ships, however, there was un¬ 
doubtedly a very considerable difference in resistance at the different 
wave-lengths. As a matter of fact, we have never had an oppor¬ 
tunity to measure accurately the antenna resistance on these ships. 
From measurements on other ships, however, it is estimated that the 
antenna resistance at 1,000 meters would be from 15 to 18 ohms, 
while at 3 j 750 meters it would probably be about 35 dims. No more 
quantitative work at long distances was carried on by the Nfavy De¬ 
partment until the autumn of 191a, although in the meantime a 
number of observations were made at moderate distances which all 

^Bulletin Bureau of Standards, ?, p. 315. 

■Niphi signals, while stronger than those in the day time, are 

freakish and irregubr and unfitted for c^uantitnlivc compariSQns. 
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tended to verify the general accuracy of our formula. The new* 
series of experiments has been made in connection with the high 
power naval station at Arlington, Va, This station was equipped 
by the Xational Electric Signaling Co. with a ioo-K,\V‘. rotary gap 
sending set, and rvas intended for communication with the Canal 
Zone and with the fleet in the Xorth Atlantic Ocean. The original 
plan for the antenna as submitted by the Xational Electric Signaling 
Co. showed an umbrella supported by a single tower 600 ft. b j gh. 
The experiments at Brant Rock, however, showed the experts of 
the Xavy Department that an umbrella antenna gave a center of 
capacit)’ too low* for the most effective working. In fact, compara¬ 
tive results indicated that the effective height w'as but little if anv 
higher than the bottom of the umbrella, about 150 ft. in the case of 
the Brant Rock tower, although the total height was 420. For this 
reason the Arlington station has been supplied W'itli a platform an¬ 
tenna supported by three towers about 400 ft. betw’een centers, one 
being 600 ft. high and the other ttvo 450 ft. The antenna has been 
put up in sections and consists of tw'o flat top antennas 350 ft, long, 
and one 315 long. These are 88 ft. wide with 23 wires each. 
The triangular space between the flat tops is fllled in with a trian¬ 
gular fan of 25 wires supported independently of the flat top sec¬ 
tions. The vertical portion of the antenna consists of a fan of 23 
ivires, 88 ft. viHde at the top, narrowing to 10 ft, at 75 ft. above the 
earth, from which point the wires are brought down in a cage of 
the Fessenden type. The capacity of this antenna is 0,01 m.f., its 
natural period approximately 2,100 meters and its height to the 
center of capacity 400 ft. The ground system consists of a radiat¬ 
ing network of wires covering the space between the triangle of 
tow'crs and extending to some distance outside. The totvers were 
built so that they were insulated from the earth w-ith switches by 
which they could he connected with the ground net system. With 
the towers insulated, the atitcnna resistance exclvisive of the in¬ 
ductance at a wave-length of 4,000 meters is approximately 8 ohms. 
Grounding the towers reduces the resistance to 1,8 ohms, and curi¬ 
ously enough, no perceptible difference in capacity is observed, nor 
is tlic natural period changed by more than a few* meters. Thco- 
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retically it is difficult to understand how this great difference in 
antenna resistance can be produced without changing the field dis¬ 
tribution so as to vary the capacity and wave-length, bufc what is 
still more remarkable, is that it is found that the ratio between the 
current in a receiving antenna a few miles distant and the sending 
current at Arlington remains absolutely tinchanged whether the 
towers are grounded or insulated. But since the sending current 
with the towers grounded is approximately 50 per cent, larger than 
when the towers are insulated, they are always kept grounded. For 
receiving at Arlington there is practically no difference* 

Referring again to the formula for the received current 

, h.h. , 

/a = 4-2S *'*. 

it will be noticed that, if we disregard the absorption term, it bears 
a strikirig reseniblance to the Hertzian equation for the amplitude 
of the electric force in tlic equatorial plane of an oscillator*^ This 
equation in the form given by Zcnneck 

( 2 ) £, = 2-T^jf;3-io-C.G.S. 

where £0 is the electric amplitude at the distance ef, / the length of 
the oscillator, and /p the current amplitude in the oscillator, and was 
derived for continuous oscillations and for an oscillator consisting 
of tw^o large spheres connected by thin tvires tvith a spark gap in the 
middle; an arrangement which produces a uniform current distri¬ 
bution throughout tlie wires. If we substitute the effective values 
of the electric field E and current / in the antennas, in place of the 
amplitudesp the equation will, of course, remain true. Therefore, If 
we are able to determine the length of the Hertrian oscillator which 
w ill be equivalent to a wireless antenna, we have at once a very con¬ 
venient means of calculating the electric field at any distance not 
great enough to have the absorption come into play. Theoretical 

*Thi8 applies gtnctly only to values of amounting to a large aambtr 
of wave-lengths. 

Zcnncck, ^'Lelirbtidi der drahtlosen Telegfaphie," p. 4 $^ 


>»>]-) 


AUSTIN—ESERGY IS KADIOTELEGRAPHY. 


411 


formiihe for this purpose have been given by Rudenberg," and at¬ 
tempts have been made to apply them to the case oi the scout cruisers 
Biriningham and Saiem by H. Earckhausen^ and myself.* 

Tlie formulae are based on the assumption that if an antenna be 
erected on a conducting surface, its field will be the same as that of 
an antenna in space of twice the height, the lowrer portion being 
exactly like the teal antenna but uiverted beneath it; that is, tlie 



length of the equivalent Hertzian oscillator will be twice the height 
from the earth to the center of capacity of the antenna. As Ruden- 
berg observes, however, the imaginary portion does not contribute 
to the energy radiated by the antenna, ITien since the energy is 
proportional tO h the length of the oscillator, squared 


{2kY ^ ^ p 

L—— , or /=//V2. 


Hence to get the length of the equivalent Hertzian oscillator we must 
multiply the height ft to the center of capacity of the antenna by Vs- 
In order to determine the theoretical value of the received current 
we must determine the electromotive force on the receiving antenna 

* R. Rudeaberg, Ann. d, Phys^, aSi P- 446, 190 S- 

'H. Barckliaiisrn, Jahrb, d drahthsen p, a6i, 1912, 

Vowrn, Wash. Acad., l, p, 275 p ipll- 
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by miiUiplying the effective v&lue of the field £ by the heiglit to the 
center of capacity of the receiving atitenna. If we are dealing with 
continuous oscillations, the received current will then be given by 


( 2 ) 



(undamped oscillations) 


where R is the high frequency resistance of the receiving system. 

In the case of damped oscillations^ however, on account of the 
form of the wave train of oncoming oscillations and that of the 
resulting current train in the antenna, the value of die received cur¬ 
rent 7 jg is equal to 

/j, = “— p (damped Dsdlladons) 

where and S. are the decrements of the sending and receiving 
antenna systems^ 

By means of thcnnoelements in the antennaSp measurements of 
this kind have been made in several receiving stations in Washington 
using the high power station at Arlington and the station at the 
Washington Navy Yard for sending.^ 

The results of the calculated and observed values are given in 
Table L It is seen that the observed values vary between 40 per 


TABLE L 


SfiKHne Smlan. 


1 Luicr. 

KeCnvEil 

Oiif. 

CuFTfUl 1 

Cd. 

Dli». 

till. 



Km. 

Amp, 

Amp. 

% 

Arlingtoia 





- 3900 m.J 

Bureau of Standards 

7S 


tS.io“* 

39 


Capitol 

6,4 

1^.0 ' 

37-5 

45 

ii 

Navy Vard 

7 .a 

10.3 

I7*a 

OO 

Navy Yard 




l[X ^ 1000 m.ll 

Bureau of Siafidards 

lO.D 

4-1 

7^6 

54 


Capltd 

' i.p 

S .5 

rs.o 

S 7 


thes^ experiments the distances between the aendin^ and receiving 
atatjon^ lay between 1$ and 10 wavc-leiiph&. The ^rateat possible error due 
lo the inapplicability oi the inverse distance law to these short distani^cs 
would be about lO per cenL Nq evideace ol ground absorption at these 
di&tances has been oluerved. 
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cent, and 6o per cent of the calculated valuer; that is, the effective 
length of the equivalent Hertzian o&ciKator is apparently loo groat. 
This may be due either to the shape of the antennas or to the fact 
that the earth beneath them is not properly conducting as is assumed 
in the derivation of the formula. II the last supposition is true, a 
better agreement between the theoretical and observed values ought 
to be obtained in the case of ships' antennas where the ground con¬ 
sists of sea water. Unfortunately^ however^ in the case of warships 
at least, the problem is complicated by the steel masts and rigging 
which it is generally supposed tend to absorb a portion of the ra¬ 
diated energy* It is to he hoped that some time in the near future 
experiments may be carried out on ships free frojii these disturbing 
influences. It seems very possible that the shape of the antenna 
and not the conductivity of the ground is the real cause of the diver¬ 
gence from the theoretical values. In the case of a flat top or uni' 
brella antenna we have nearly the condition of two plates of a con¬ 
denser m which the distance bet^veen the plates i$ not large compared 
with the plate dimensions. Under these circurnstances it is certain 
that the electric field dislrtbution will not be the same as that due 
to one of the spheres of a Hertzian oscillator placed at the center 
of capacity of the antenna system. However this may be, the ex¬ 
periments show that the length of the oscillator equivalent to the 
antenna of a land station is somewhat less instead of greater than 
the height to the center of capacity. 


Observatio.vs at Greater Distances, 

In the Brant Tiock experiments already mentioned it vvas found 
that for distances of more than lOo miles over sea water a meas- 
urabte absorption of the radiated energy' took place, so tliat to repre^ 
sent the received current the full form of equation (i) including 
the absorption factor must be used. In the experiments mentioned, 
observations were made on the scout cruisers up to about 1,200 
miles. The figure (Fig. 2) show^s that at a distance of 1,000 miles^ 
at a wave-length of i^jooo meters, the received current was only one 
seventeenth of what would have been received if there had been no 
absorption, and since the strength of signal in the telephone is pro- 
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portional to the square of the received ciirrem, the signal was re¬ 
duced to approximately one threc-hiiudredth. 

During the months of February and March of this year, the 
cruiser Salem was sent on a voyage to Gibraltar for the purpose of 



Fia I. 

canning out tests with the Arlington station. Successful observa¬ 
tions with the electrolytic detector were made in the daytime up to 
1,920 nautical miles, while by other detecting devices not sufficiently 
quantitative for measurcnient purposes* messages vrere read up to 
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about 2 riOO nautical The results of measurements are 

sliown in Fig. 3. The wave-length used by Arlington was 3,900 
meters* and the average sending current was no amperes Hie 
effective height of the Arlington antenna was 400 ft., while that of 
the Salem was taken as 130 ft-, this being the value which was used 
in the calculation of the formula of the Brant Rock tcst« This is 
probably somew hat too high but is retained in the present calculation 



Fig. 3. 


for purposes of comparison. The curve of the figure is calculated 
from Tables XVI, and XVIa, of the article already citedA* The 
observed values of the received ctirrents, as indicated by the crosses 
in the figurCp w^ene calculated from the audibility measurements made 
by the shunted telephone method on the electrolytic detector in 
exactly die same way as in the Brant Rock experiments, except that 
on account of the increased efficiency of the receiving set, the least 
audible antenna current Avas taken as seven microamperes instead 
of ten. The obser%er Avas Mr. I-ee* who also took die most import 

* Bulletin Bureau of Standards, 7, p, 315, 191 r. 

PftOC. PHIL SOc,i LIIp aio L FKl»m;p JULY 18, 1913, 
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tant observations during ttie Brant Rock tesL Considering the diffi¬ 
culties of taking these measiirements, the agreement with the theo¬ 
retical curve is all that could be desired. It is especially to be noted 
that the signals became inaudible at almost the exact distance indi¬ 
cated by the formula. 


OriiER Observations. 

Previous to the cruise of the a number of obser^ ations on 

signals from Arlington were made in the daytime at various naval 
wireless stations in the United States. The results of these are 
shown in Fig. 4, the curve being as before the calculated value of 
received current over sea water, and the crosses the observed values 
at the various points. It will be noticed that while the obsened values 
uniformly lie below the calculated values, the differences are not as 
great as would perhaps naturally be expected in transmission over¬ 
land. In fact, they are in most cases not much greater than tvould 
be accounted for by the circiimstances of observation. The St. 
.\tigiistine observations are the only ones which were made by the 
calibrated detector and galvanometer method, while tliose at fCcw- 
port. Boston, Guantanamo. Charleston and Key West were taken on 
uncalibratcd crystal detectors by the shunted telephone method. The 
results -show that for a wave-length of approximately 4,000 meters 
the ground absorption is small, at least for distances less than i.ooo 
miles. This is a very’ difFerent result from that obtained with a 
1,000 meter wave-length between New York and Washington^ where 
the received current in the summer time is reduced to lO per cent, 
of the value ’ivhich it would have over salt water^^ Of course, it 
must he considered, in the .Arlington experiments just mentioned, 
that most of the sLations lie on the sea coast so that the ivaves either 
pass during a portion of ihcir course over water or might be con¬ 
ceived to follow along the shore rather than to pass m direct line. 
New Orleans is the only station in which the propagation could be 
considered to be entirely unaffected by the sea, and in this case the 

^ For great distanceft over and distances of more than 100 tuiles over 
land, long wave* should be used on account of their dcqrca^^d absorption; 
while For short distaftces shorter waves arc beuer on account of their more 
vigorous radUtfiorL. 


19T3-J 


AUSTIN—ENERGY IN RADIOTELEGIL4PHY. 


417 



Fic, 4. 


received currents lie tdatively lower than for most of the Other 
statbns. 

Comparison of Arc and Spark Apparatus. 

It has long been chimed by advocates of the use of continuous 
oscillationis in radioteSegraphy that these waves travel over the sur- 
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f^ce of tile earth witli a stiiaJfer degree of absorption than the dis- 
cominiious ware trains produced by spark apparatus. In order to 
test this [x>int, as well as some others connected with arc transmis- 
sioOk a 30-K.W. arc operated with 500-volt d.c, current was obtained. 
At a wave-length of 4JOO meters this arc produced from 48 to 53 
amperes in tlie Arlington antenna. Comparisons were made of the 
received airrents from this arc and from the spark set giving 100 
to 120 amperes in. the antenna. A veri.- careful set of obscr\'alions 
on the two types of radiation was made at St. Augustine, the received 
current being measured by the calibratdd detector and galvanometer 
method. At this distance. 5J0 nautical miles, no difference in the 
absorption could be observed, the received currents being simply 
proportional tq the radiation currents in the Arlington antenna. 
These results were verified b\ the shunted telephone method, using 
the slipping contact detector.^^ at Kew Orleans and Key West, the 
latter place being approximately tjoo miles from Washington. The 
receiving apparatus was then placed on the U. S. S- Arkmis^ss and 
taken to Colon, i,3oo mutica! niile^ from Washington. On the 
voyage, altliough the conditions were not favorable for accurate 
observations, it appeared that during the daytime the arc signals 
gradually approached thi^se of the spark in intensity. During the 
two days available for observalion at Colon, the arc signals only 
were heard in the daytime. These observations indicated that at 
distances above i,000 miles the continuous waves show a smaller 
degree of absorption than the waves from the spark. It was not 
possible, however, to draw this conclusion with certainty, since at 
the season of the year in which the observations were taken, excep¬ 
tional days occur which might very conceivably affect the continue 
PUS oscillations in a different manner from those of the spark.^* 

Further observations were made during the recent voyage of the 
Salem already mentioned. Here, it was found, in verification of 
our former conclusions, that for distances over MOo miles the arc 
as received in the day time on a special receiver was equal to or 

^ ItfUrn. rrojA, Acad., 1 . p. S, 1^11. 

“ It U frriiLJcnily obaerved that at night one ijpc gf wave b ^tten^hened 
more than the othtr. 
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somewhat better than the spark, notwithstanding the fact that the 
spark radiation current at Arlington was considerably more than 
twice as great as the corresponding arc current. This normally^ if 
tlie absorption had been equal for the two tv-pcs of radiation, would 
have made the spark signals more than four times stronger titan the 
arc, the amplitude of signal being proportional to the square of the 
high frequency current. Regular communication with both arc and 
spark was continued up to 2,too miles in the day time* Several times 
day signals were heard at greater distances, and in these cases the 
arc was uniformly louder. The night signals tvere heard all tlte way 
to Gibraltar, 

U. S. Navaiu R.VDHirELznBAPiitc LAaMUTOkr, 
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ELIMIKATIOX AXD XEUTRALIZATION OF TOXIC 
SOIL SUBSTANCES. 


By OSWALD SCHREINER, Ptl D.. 

OF Division’ of Soil FKumLrrY 1 si*estications, DoAitTM^NT 
OF AcmcLXTUftE^ Washiscton, 

iRf^d J§, ms ) 

The fact that certain soils are naturally infertile, or if once fertile 
are showing a decrease in their productive powder, is a subject that 
has engaged the attention of many able pliilosophers and scientists 
during the centuries. Some of these have explained the infertility 
as being caused by the absence or diminishing quantity of the store 
of certain mineral soil components, others have contended that the 
plant in its growth excreted waste substances, much as animals do. 
and that this toxic material poisoned succeeding crops, especially if 
they were of the same kind. The former of these view's has led to 
the practice of supplying minerals in the form of fertilizers, the 
latter viewi directly, or indirectly through dire necessity, to diver¬ 
sified farming or crop rotation. Thus both lines of reasoning lead 
to important practical results in maintaining and increasing the fer¬ 
tility of our agricultural lands, but neither view can as yet be said 
to have passed the controversial stage through which all great tniths 
must pass. 

I do not desire on this occasion to dwell on these two lines of 
reasoning but rather to present some new^ soil facts which would 
seem to coordinate the apparently opposite views and to modify both, 
so that each becomes at least broad enough to be tolerant of the other. 
I refer especially to the accumulating store of information gained 
through modem chemical and biological research, as to the nature 
of that portion of the soil components, variously designated as 
Organic matter, soil humus, humic acid, matiere noire, etc., and the 
various biochemical changes which are taking place in soils, and 
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ever giving rise to new conipoutids through decomposition or tlirough 
synthesisj compounds which have distinct properties to influence 
plant growtli or other biological activity in soils, WitJi this knowl¬ 
edge comes the broader view that infertility in soils may as well be 
dttejo the presence of organic substances df biological origin inimical 
to proper plant development as to the absence of beneficial mineral 
elements^ The existence of toxic organic compounds in soils has 
been amply shown by the researches of the Bareatt of Soils into the 
nature of soil organic matter in Infertile soils, and the properties of 
the isolated compounds in respect to their action on plants, so that 
the presence of toxic compounds in soils must be considered in con¬ 
nection widi future work on the problems presented by infertile soils. 

The scope of the investigation has necessarily been broader than 
a mere search for toxic substances and has included soil organic 
matter in general with the result that many organic compounds, both 
harmful and benebciak have been found in the course of the investi¬ 
gation. With not a single soil compound isolated and identified a 
few years ago, those now definitely identified are as follow s t Acrylic 
acid, adenine, agroceric acid, agrosterol, arginine, choline, creati¬ 
nine, c^nosine, dihydroxystearic acid, glycerides, guanine, hentria- 
contane, histidine, hypoxanthine, lignoceric acid, lysine, mannite, 
monohydroxy stearic acith nucleic acid, oxalic acid, paraffinic acidp 
pentosan, pentose, phytosterol, picoline carboxylic add^ rcsSn, resin 
acids, resin esters, rhamnosc, saccharic acid, salicylic aldehyde, suc¬ 
cinic acid, trimethylamine, trithioben^aldehyde, xanthine. A glance 
at tlie list will reveal the fact tliat most chemical classes are repre¬ 
sented: hydrocarbons, acids and hydroxyacids^ alcohols, aldehydes, 
esters, carbohydrates, hexone bases, purine bases, pyritnidine deriva¬ 
tives, sulphur compounds, etc. Most of them have been derived 
by biochemical changes taking place ivithfn the soil from the more 
complex compounds, from the fats, nucleoprotesns, proteins, lecithins^ 
etc. For instance^ wc may trace the complex nucicoprotein molecule 
through its various decompositions, first into protein and a complex 
nucleic acid which can further yield protein and nucleic acid. The 
protein resolves itself finally Into such compounds as histidine, argi¬ 
nine* lysinet and possibly creatinine, all of wdiich we have found in 
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soils. Tlie nucleic acid may split off phosphoric acid, or a carbo¬ 
hydrate such as the pemose mentioned above, and one or the other 
of the soil coiupounds, xanthine, hv'poxanihinep guanine, adenineT or 
cytosine. This illustration serves to make clear the close relation 
existing between the biochemical changes which take place in^the 
soil and those which take place in the animal Of course the ulti¬ 
mate origin of all these soil cqpiponnds are to be found in the plant 
and animal debris which finds its way into the soil, through maturing 
plant parts^ roots, animal excreta^ dead animals, or added in agricul¬ 
tural practice in organic fertilizers, such as dried blood, tankage, or 
in green crops plow'ed under. In addition to these sources which are 
extraneous to the soil, there is the synthetic action of the micro- 
organ isms w'hich inhabit tile soih but much further work needs to 
be done on these biochemical changes in soils before their entire 
course is understood. The forces which are operative we have 
already showm to be those of lysis in general, especially hydrolysis* 
oxidation, reduction, and catalysis. Tlie life forms which produce 
the^e forces in the soil are the bacteria, molds, protozoa, yeasts, and 
the higher plants. All these con tribute to the biochemical changes 
in soils either through the above forces operative as enzymes, or 
through the symthesis of the organic soil constituents from simpler 
organic and inorganic materiaL 

After isolation and identification the soil compounds are studied 
in respect to their action on growing plants, wheat being usually 
used as an indicator. At the same time the action of various fer¬ 
tilizer salts in diminishing or accentuating the action of the soil 
compounds on plants is determined. In this manner much informa¬ 
tion concerning the physiological action of the compounds, together 
with suggestions for its neutralization or elimination are obtained. 
Owing to lack of material not all of the substances isolated have been 
studied in this comprehensive way, but siifhcient information has 
been obtained to show that among the above enumerated compoiitiids 
there are some that are distinctlY toxic to plants, others that are dis¬ 
tinctly beneficial and still others that are either doubtful or inert in 
so far as direct physiological effects are concerned. 

Among the substances harmful to plants, pkoline carboxylic 




SCHREl^^ER^OXIC SOIL SUBSTANCES. 


423 


acid, dihydroxystcark acid, oxalic acid, salicylic aldehyde and va¬ 
nillin as having been found in unproductive soils should receive 
special mention. The first of these is only moderately toxic and 
has not been exhaustively stu<lied, but is interesting in showing that 
nitrogen in such a compound is not only not available to plants, but 
that the conipound containing it is unfavorable to plant develop- 
nient. The dihydroxystearic acid, on the other hand, has been more 
thoroughly studied and has been encountered in soils from many 
parts of the United States. It is a strong inhibitor of the normal 
processes of plant metabolism and destroys almost entirely the 
normal oxidizing power of plant roots, thus inhibiting root devel- 
optnent and the power of absorption of mineral plant foods by the 
roots, even if present in the most available forms. Salicylic alde- 
liyde is even more toxk than the dihydroxystearic acid and like 
salicylic acid it is a strong antiseptic, inhibiting the action of bac¬ 
teria. This salicylic aldehyde was first discovered in a soil from ^he 
historic Mt. Vernon estate of George \Vashington, in the rose garden 
near the box hedge laid out by our first President, The remarkable 
fact In connection with this soil was that it contained a large amount 
of mannitc, as ttiuch as 500 lbs, per acre. Although this is the only 
soil in which it has been found, the remarkable part was not in its 
being found there, for it can readily be produced by certain soil 
fungij hut rather that it should persist in the soil, when it is such 
an excellent medium for the development of bacteria. This sugar 
alcohol appeared to have no unfavorable effect on plants when it 
tested in onr greenhouse, but tve were never able to make a good 
test because of the fact that the mannite solutions with the added 
fertilizer salts were such good media for the development of bac¬ 
teria, The simultaneous presence of the salicylic aldehyde in the 
soih and the fact that the latter was poisonous to liiglier plants, sug¬ 
gested therefore that the mannite in the soil w^as protected by the 
antiseptic action of the salicylic aldehyde. Experiments eonfirrried 
the antiseptic action of the salicylic aldehyde in preventing the 
decomposition of the above mannite solutions and the occurrence of 
the large quantity of mannite in this soil seems thereby explained. 
This case is partkuiarly interesting as showing tlial soil compounds 
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affect the lower life of the soil as well as the higher plant life, and 
through these the entite biochemical processes, and furthermore that 
even if a compound like mainiite be not toxic in itself, its very pres¬ 
ence points to the fact that the soil is functioning abnormally, much 
as the presence of sugar or albumen in the urine, in themselves harm¬ 
less, point to the fact that something is decidedly abnormal with the 
metabolism of the individual excreting them. The occurrence of 
certain compounds in soils likewise becomes a great agent in the 
diagnosis of soil troubles. The occurrence of the dihydroxy stearic 
add is a not uncertain indication of low and sluggish oxidation in 
the soil, whatever may be the cause that has brought this abontp be it 
poor drainage, acidity^ poor pliysicaJ management of the soil or 
other soil abuse. 

The iKjisonoiis oxalic acid has been encountered in only one in¬ 
stance thus far, and that in a soil containing much calcium carbo- 
najte. The amount, however, w^as so e.xtrcmely large, nearly four 
tons of calcium oxalate per acre^ that it is thought to play some pari, 
even as the insoluble oxalate, in the peculiar faihirc of apple orchards 
in this soil. Experiments in greenhouse and orchard are still under 
way to determine lliese facts and I mention tins case here only to 
point out the application of this type of investigation to problems 
iivhore other means fail to diagnose the trouble- Another applica¬ 
tion of such work is in diagnosing the soil trouble wiiich brings 
about the mysterious disease of the orange tree and fruit know n as 
dieback with which groovers have struggled for years with annual 
loss of thousands of dollars and which scientists now consider as a 
physiological disease, that is, one not caused by any pathological 
organisms extraneous to the plant itself. All facts point to the soil 
condition as the cause, but so inexplicable has been its l>ehavior in 
respect to the soil that all ordinary means of chemical investigation 
have failed to lay bare the cause or causes. Typical dieback soils 
from Florida are now under investigatton in our laboratories at 
Washington to determine in them such organic constituents as are 
possible by the methods so far developed. This work is meeting 
wdth success and a number of compounds have been isolated and 
these will be studied in legard to their effect on orange trees in 
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cooperation with Professor Floyd, of the Florida Experiment Sta¬ 
tion, to see whether tliey are responsible for this disca^. Like the 
apple orchard experiment this work is still in progress and not suffi¬ 
ciently well advanced to discuss its practical significance but it serves 
to show the application of this t>-pe of biocliemical investigation to 
certain great econoniie problems which confront many agricultural 
industries. Another of these harmful soil constituents is ffie pleas¬ 
ant smelling vatiilliUp a constituciil of the vanilla bean, but also of 
manv other plantSp as shown in this and many otJier laboratories^ 
and a compound which is somewhat harmful to wheat seed¬ 
lings in solution cultureSp chemically an aldeliyde and thus a 
reducing agent capable of being oxidized and having its harmful 
properties reduced by such oxidizing fertilizers as nitrates. The 
properties of vanilliii iu regard to plant growth and its effect ou 
root oxidation and the influence of fertilizer salts on its action, were 
determined on wheat in our laboratories several years ago in antici¬ 
pation of the day when il would be found a$ a soil constituent. 
What is true in this respect of vanillin is also true of a number of 
Ollier compounds but It is also equally true that some of the soil con¬ 
stituents isolated were not even remotely suspected of ever being 
found in soilSp and in. fact some of them have been previously only 
known as products of the chemist's laboratory, for instance, the 
saccharic acid, a laboratory oxidation product of sugars, or the tri- 
thiobcnzaldehvdet previously only known as a sulphur substitution 
product of the iabor3tor;% 

While the subject of my talk limits me chiefly to a discussion of 
the soil substances which we have found to be hannful in our experi¬ 
ments, I must not omit in passing to speak of the many beneficial 
substances which have been discovered in soils as the result of these 
investigations, and w'hich even more than the toxic substances, make 
clear the parallels sin existing between the biochemistry of the soil 
and the biochemistry' of the animal, because some of the compounds 
involved are absolutely identical. Among this list of beneficial soil 
compounds you will recognize common products of animal metabo¬ 
lism and digestive processes such as creatinine, found in the urine; 
histidine, argiiiinCp lysinep products of protein digestion; xanthine. 
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hypoxantliine, productja of animal fluids and rtiickin deg^radaiion; 
and nucletc acid itself. These compounds mcrcase plant growth and 
the results obtained tvould seem to show that the plant can ttse these 
compounds directly in building up the plant proteins and nucleins 
without further decomposition to ammonia and production of ni¬ 
trites and nitrates. 

Xor should 1 pass over the pliysiolo^cally doubt ml or inert soii 
substances without suggesting that these have a potentiality for good 
or bad, depending upon future changes brought about by oxidation, 
reduction, or other biochemical action resulting in the production of 
beneficial or harmful compounds. Xor should I fail to mention that 
many of these physiologically inert substances^ as, for instancCp the 
water insoluble resins, have a marked physical effect on the soil, 
often coating the soil grains and shielding the soil minerals as well 
as other organic substances from the solvent action of the soil 
waters, thus effectively interfering with an otherwise normal soil. 

In speaking of the elimination and neutralization of toxic soil 
substances we must not lose sight of the fact now fairly well demon¬ 
strated by biochemical and biological researches that in every’ soil 
there is a balance of beneficial and harmful factors, soil fertility or 
infertility being the resultant of the two groups. As one or the 
other group of factors gains the ascendency*, the fertility is raised 
or lowered, as the case may he. This balance is influenced by cul¬ 
tural treatment, such as draining, plowing, or otherwise working the 
soil, by the applieation of fertilizers, by liming, by the grow'tb of 
plants, by crop rotation^ etc. All of these factors affect the biology 
of the soil, the soil bacteria, the molds, and other microorganisms 
and through them the entire biochemical process in soils. Although 
the number of toxic soil constituents may be very large and probably 
but imperfectly represented by those we have thus far been able to 
isolate, it appears nevertheless significant that they are substances 
which have resulted from partial oxidation, but in their present form 
have reducing properties, and under favorable conditions are subject 
to further oxidation. They may be said to have resulted under im¬ 
perfect conditions of oxidation or aeration whether this be the cltrccl 
result of poor drainage, of soil acidityt or lack of lime, or poor cul- 
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tjvation, or tlie p-owth of crops which do not promote deep root 

^owth or active root oxidation. Tlie studies which we have made 
on sods in respect to their ability to oxidize organic substances such 
as aloin has shown us diat fertile soils are generally good oxidizers 
and infertile soils poor oxidizers. In soils that are good oxidizers 
the chances of having an undue accumulation or even formation of 
toxic substances are at a minimum, whereas in poor soils with low 
oxidizing power, with low vitality as it were to properly digest the 
organic refuse of previous growth^ liannful substances result. The 
chief aim in ittiproving unfertile soils should therefore be to build 
them up so that they will become good oxidizers and through this 
become strong virile soils. In the laboratory and greenhouse we 
have been able to observe the disappearance of toxic soil conditions 
by thorough aeration and exposure to air, by the action of lime, and 
by the influence exerted by fertilizers, especially the oxidizing fer¬ 
tilizers like sodium nitrate, or the catalytic influence of oxidizing 
substances like manganese. In the field the most useful agents arc 
(i) better drainage, which promotes better aeration and increases 
the oxidation in the soil; ( 2 ) liming, which in addition to neutraliz- 
irtg acid tendencies, or combining w’ith the substances to form insol¬ 
uble or inert com pounds, lias also the effect of increasing the oxida¬ 
tion in the soil and in the plant roots as w^ell as to have a physio^ 
logical effect on the plant cells themselves which makes them more 
resistant to poisons ill general i (3) crop rotation, which givis to 
tlie soil each year a different kind of organic debris, changing as it 
were, the normal food of the soil, from time to time, and further¬ 
more necessitates different cultural methods and different fertiliza¬ 
tion systems, alternating cultivated crops with uncultivated erops^ 
shallow^ rooted plants with deep rooted plants, grain crops with root 
crops^ leguminous with non-leguminous crops, with the result that 
the biochemical changes in the soil, the digestion, the oxidation, the 
catalysis, of the soil, proceeds in a normal manner, the balance of 
soil factors being influenced in a favorable direction and a healthy 
normal soil results; and (4) fertilization, which is usually done with 
the motive of adding plant food, but which the more ntotlem inves- 
LigaLions in biological and biochemical fields are sliowdng to be an 
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accessary to proper soil treatment because iti addition to supplying 
needed plant nutrients they influence the microorganic lite within 
the soil, because they influence the oxidation in the soil, the catalysis 
in the soil, the digestive processes in the soil, so that the biochemical 
processes are altered, the balance of factors influencing plant growth 
is changed, because they influence the oxidation of plant roots, and 
because, directly or indirectly, they effect the destruction, the neii- 
tralization, or prevent the formation of harmful substances, I have 
not considered here the mechanical composition of the soil particles, 
the hig natural agencies which have operated to form soils, the loca* 
tion or topagraphy of the lands and the normal water capacity of 
soils, the origin of soils, or their relation to climate and rainfall, all 
of which factors influence soil type and contribute to make some 
soils naturally more fertile than others, naturally adapted for the 
growth, and sometimes the continuous growth of one crop, while 
unsuited to another, facts which must receive more and more atten¬ 
tion ill the future if we are to get the maximum returns from nur 
soils. 1 am considering only the means which will tend to maintain 
or increase the fertility to a status normal to tliat kind of soil, to 
maintain it in a healthful, virile state. 

The great question before scientifle agriculture is not whether 
fertilizers are helpful, no more than modern medical science con¬ 
siders whether foods or medicines are helpfu^l, but rather how can 
these be made more efficient, more certain in tfieir action, more spe¬ 
cific in their application to the needs of the soil. Soil students 
have in the past century contented themselves practically with a 
single factor of soil infertility, a not unimportant factor it must be 
admitted, but nevertheless one insufficient to explain all difficulties, 
namely, that of plant starvation, the question of lacking plant food. 
The studies have centered about the food of the plant while the sur¬ 
roundings, the home of the plant, the soil itself, has been virtually 
ignored, or gi^cn only minor consideration, except as a storehouse 
for plant food. Even in the more scientific work of the past decade 
in reference to bacteria, and other biological ivork, the production of 
plant food has been the motive of all study and all discussion is from 
the point of view of liberating potash, phosphate, or increasing the 
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quantity of nitroi^ofi for the use of the plant. The bioclicmistry of 
tlicse life forms in the soil, the riiultitndinoiis changes which they 
work have remained unstudied, only those facts were determined 
which influence the amount of the so-called plant food, ignoring even 
much material that is more truly plant food than the mineral i^ub- 
stances and inorganic nitrogen compounds studied. In all lines of 
human activ'ity the sanitary surroundings, the proper medical treat¬ 
ment and the proper nutrition of animats and of man, are receiving 
attention and the proper sanitary' condition of the plant's home, the 
soil, will also receive more and more attention to prevent its har¬ 
boring the germs of devastating plant disea^e^^ and such decompo¬ 
sitions or biochemical changes as prciduce substances inimical to the 
health of the plant, killing !t or weakening it, so tliat it falls a ncady 
prey to pathological organisms. In this campaign for a sanitary 
home for the plant, the above factors of better cultivation, better 
drainage, judicious liming, crop adaptation or crop rotation, and the 
use of fcrtiliaers, will play an important; part and as we learn more 
of the functions of the latter^ their use will become more general 
and more specific so that we will be able to tell which will be the 
best $uitcd for any particular soil condition or soil trouble, and in 
the future these will no doubt be modified and even augmented wdth 
Ollier chemicals to meet special requirements. Some such special 
fertilizers are already on the market and more will follow, the only 
danger is that the advertising art will outstrip die science, tyhich 
should be the basis for such changes. 

The use of copper preparations in special orange fertilizers, or 
the use of'manganese or other catalytic substances to promote oxida¬ 
tion in soils arc illustrations of such use. The oxidation by man¬ 
ganese has received special attention in our laboratories and in die 
field and the conclnsion seems ^varranted that such catalytic sub¬ 
stances depend upon the form in which they are introduced or pres¬ 
ent in the soil and the form of the organic matter in the soil, wdiich 
with the manganese forms activating combinations. In the field 
work its action is still uncertain so far as increased oxidation or 
increased crop growth is concerned. On poor soils, with acid tend¬ 
encies, the results are doubtful, as wdll be shown by a forthcoming 
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bulletin on the field experiments over a period of five years on such 
an actd soiL A second period in which the soil will be limed to 
produce neutrality is now begun and it will be interesting to learn 
bow the manganese will behave under this new condition. 

That even the ordinary chemicals used in fertilizers, potash, phos- 
phates, or nitrates can affect the harmful action of organic sub¬ 
stances has already been incidentally alluded to in the preceding 
paragraphs. Our researches have shown that the harmful soil con¬ 
stituents, vanillin and dihydroxystearic acid have their poisonous 
eflfects greatly diminished or even entirely overcome by the addition 
of sodium nitrate, whereas their harmful characteristics remain un¬ 
impaired by the addition of phosphates or potash fertilizers. Ni¬ 
trate is an oxidizing substance and vve have shown root oxidation 
to be increased greatly by its use, whereas both vanillin and dihy¬ 
droxy stearic acid decrease root oxidation and arc themselves capable 
of being oxidized. The effect of nitrate and these two substances 
are tlicrefore opposed to each other and thus neutralize each other* 
or, what is more probable, neutralize their effects. The substance, 
quinone, on the other band has its poisonous action reduced by potash 
salts, not by nitrate nor phosphate. Quinone is an active oxidizing 
substance, while potash reduces root oxidation thus again showing 
that these two substances antagonize each other in their effects, 
Tlie substance cumarin we have found to be very toxic to plants. 
This toxicity is not diminished by nitrate nof'by potash, as was the 
case respectively with the preceding substances, but its action was 
most remarkably overcome by the addition of phosphate and it 
seemed to make no difference in wdiat form the phosphate'was used, 
whether it was as a calcium sail or as a sodium salt, or as the mono- 
Issic, dibasic, or tribasic salt. 

T have mentioned these illustrations of specific fertilizer action 
to show the possibilities of the future in adapting fertilizer treatment 
to meet the specific needs of the soil based upon a perfectly rational 
basis of soil treatment to meet the requirements of specific crops or 
the requirements of plams suffering from unhealthy, iusanilary soil 
conditions, Avhieh involve the presence of biochemical transforma¬ 
tions resulting in compounds delrimental to the best plant devel¬ 
opment. 
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Introduction. 

The state of Rio Grande do Norte U one of the smallest in Brazil; 
it has an area of S 7 f^S square kilometers, and lies wholly within 
the tropics. The climate, topography and geo 1 og>' of this state 
may be taken as a type of the geo1og>' of the northeastern coast of 
Brazil. 

Topographically the region Is one of rather low relief^ tlic climate 
is senii-arid, and in places the soil Ss thin. The general geology is 
simple, consisting of an old series of crystalline rocks, probably of 
Archean age, over and upon which rests a coastal belt of Cretaceous 
or Tertiary sediments having a width of about thirty kilometers. 
There are some mountains of fair size in the interior, but they are 
nearly all of granites or other crystalline rocks. None of these 
moiintains lie within the area discussed In the present paper^ 

In 1909 I published in the Bunethi cf the GcolQgkd Soatefy 
of America a paper on the geolog^i' of the Northeastern Coast of 
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Br^il that induded all that was then known of the geology of the 
coast of Rio Grande do Morte from Natal to the southern edge of 
the state. That paper contained a sketch map showing the coastal 
belt of sedimentary rocks. 

The work of Mr, Jenkins, done in 19^ has added much to 
our knowledge of the region, especially to the north of Natal, and 
it has definitely located the landward margin of the sedimentary 
beds. 

It has also disclosed an unconfonnity in the sedimentary beds 
that seems likely to clear up the long standing question in regard to 
the existence of the break between the Cretaceous and the Tertiary 
in this part of South America, Some of my own geological obser¬ 
vations made in 19M have been incorporated In Mr. Jenkins' paper, 
while specimens of crystalline rocks from near Baixa Verde, exam¬ 
ined microscopically and described by Mr. Jenkins, were collected 
by Mr. Earl Leih another member of the expedition, 

J, C. Brakker, 

Direct&T 0f the 5faji/ord Expedition to Brazil. 

STASfpjim UftrrESSiTV, OtmiBNiA, 

Hay 6. I&!3- 

Introductory. 

In the summer of 1911 the Stanford Expedition to Brajsil made 
its headquarters for six weeks at Natal, in the state of Rio Grande 
do Norte, 5* 45' south latitude, 35* 12' west longitude. During 
this time most of the members of the party were engaged in col¬ 
lecting zoological material. Occasional inland trips were made 
which gave means for determination of geological data. These trips 
were along three lines, each of which went far enough into the 
Interior, about forty or fifty kilometers from the coast, to reach the 
crystalline series of rocks; 

t. To the northwest by railroad—" Estrada de Ferro Central do 
Rio Grande do Norte "—to Taipu and Baixa Verde, 

3. To the south and southwest by the " Great Western Railway 
of Brazil," which extends for many kilometers down the coast, 

3. To the west by boat up the Rio Jundiahy to Macahyba. 
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The ways by rail afforded the gatiiering of geolagica] data by 
notes talien from the car window's, and by material collected at 
the various places where the train stopped. At certain points the 
party remained for several days and from these points horseback 
trips and walks gave data of more detailed character. These side 
trips were made around tlie towns of Taipu, Itapasaroca, Ceara- 
Mirim, and Extremoz, 

A horseback trip from Camahubinha to Macahyba and back 
into the interior, followed one of the contacts and gave familiarity 
with the general character of the country. 

Thus tlie map was compiled from compass traverses, notebook 
sketches, railroad surveys, hydrographic charts, and the map of 
the region made by Crandall and Williams to the scale of i to 
1 , 000 , 000 . 

Topographic Relikp. 

The Const. 

The vast stretches of sand are the most striking feature in the 
region about Matal and the northeastern coast of Brazil. The wind 
blows constantly up the coast to the northwest, driving the sand 
before it, filling up the stream moutlis, banking against the low 
shrubs, sometimes planted by the people along the coast, forming a 
great range of sand-'hills parallel to the coast. It is swept back bv 
diverging currents over the low interior country for many kilometers 
covering up the soil and rocks, filling up the broad valleys, and 
forming long parallel sand-dunes all pointing to the northwest. 

Underlying sandstones outcrop along the coast at various points. 
They form generally perpendicular cliffs from a few feet to about 
seventy-five feet in height as tliose of Earrciras do Inferno. These 
sandstones contain iron which is concentrated in certain places, 
hardening them into limonitic rocks that ring like steel when struck 
with the hammer. Sometimes all the pebbles of a portion of a 
beach are cemenleJ together ,in this manner, forming a prominent 
point along the coast. These low points of dark, red-brown rocks 
and parti-colored cliffs of sandstone break the continuity of the 
w'liile sand beaches. The wind, sweeping up the coast, banks the 
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sand at the points, forming a smooth straighl shore line up to the 
south side, and leaving a little cove oti the north side. Tall cocoanut 
palms may grow along the shores of this cove, waving over a tiny 
fishing village and a little church. The fishermen can here embark 
in their jangadas with greater ease than out on the windy south side 
of the point. Usually into such a cove a stream flows, if not, the 
people get tlieir w'ater by digging into the sand of the coast and a 
bubbling supply of sweet tvatcr is easily obtained. Sometimes one 
may see fresh water coming up through the sand right where the 
waves wash. 

The sand is blown into the river mouths and tends to fill up 
their south sides, causing the streams to cut into their northern 
banks, where die sand is being swept away. Thus many of the 
streams turn, just before reaching the sea, and flow northward as 
they enter the sea, A view of a river's mouth from a vessel at sea 
shows a high range of sand-dunes on the south side, while to the 
north the country is low and rises gradually farther up the coast, 
where it culminates at another river mouth. 







Fig. I. A view from a stcaratr towELitls a fiver moutb, *Uowifi^ how the fand 
pUtfk up at the south Akd« of the strearfl. 

Th«re h often a hardeticd sand-beach in front of the moiuli of 
such a stream, lying in a straight line parallel to the shore, where 
llie fresh water meets the sea water, Tliese stone reefs^ have the 
general appearance of an ordinary^ sand bar, bnt ihey are hardened 
almost to a quartzite, and are diffienlt to break with the hammer. 
They contain white quartz sand and marine shelb naw' found along 
the beaches. Often these stone reefs are found with no apparent 
stream behind them^ but if one goes farther back into the country 
one may find an abandoned stream channel which foimerly had an 
outlet behind the stone reef. 

^ J. C. Bramicr, "The Stone Reef$ uf Brazil/* Buh Mws. Comp. 

Geol. Ser^ VIl,, CambridgE, 1904. 
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The sea IS shallow along the coast, and one sees this especially 
when watching the natives setting their }angadQ 4 afloat hy pushing 
them along the wide, gently sloping heaclics. Often at the end of 



Fiq:. j. Gctlcrml crcuaa-SMtion of [he SAni|ataii< wf at Natal, Rio Oraadc 

do Norte. 

one of the prominent points, as that of Pirang>% it may be noticed at 
low tide that the rocks extend for a considerable distance and then 

organic reef, containing corals and other marine animals^ con¬ 
tinues far out to sea; forming a Hat shelf for some distance. These 
organic reefs do ngt occur near sliore, for the waves are full of 
sandf scooped up from the shallow bottom. The ships cannot come 
near shore, except through certain channels as that of Natal, where 
the animals that make up the reefs cannot live on accoinit of the 
fresh water from the river. 

The Valleys .—The most striking feature abotit the river valleys 
is tlicir extreme width in comparison to their shaHoTv depth. A small 
stream like the Rio Ceara-Mirim may flow through a valley two and 
a half kilometers wide not miich more than fifteen meters below the 
surrounding region, 'fhe banks w'bich fringe the wide valleys expose 
red iron-sandstones, covered with sand or a sandy soil The valley 
alluvium is a darker black sandy deposit. The whole floor of the 
valley is flats wuth a sluggish stream flowing dowm its center, 
bordered by sw amps. The natives, whose mud houses arc scattered 
or clustered in villages along its low sides^ use it to advantage 
and cover most of the valley with their banana^ com. cotton, and 
sugar-cane fields. In some places* such as Ceara-Mirim, the region 
la very fertile and a growth of shrubs, trees and €armliuba palms 
covers the valley* 

The valley, on the side of which Natal is situated, is about six 
kilometers wide, but most of this territory' i$ silted up by mangrove 
swamps. The sea enters it and at high tide flows np to Macahyba 
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at a distance of about thirty-five kilometers, and returns at low tide* 
This action is utilized by die people who travel up and down the 
river only by tides. The present silting up of tins great channel and 
many others like it is eictremely interesting because it shows a 
sunken coast. The sea has iuLruded into die stream channeb and 
later it has been driven out by the deposition of silt. 

The Platcuu Region. 

The surrounding region is a low, sandy, gently rolling plateau 
covered with shrubs not much over two and a hal f meters in height. 
Hie small scrubby rubber tree is its typical plant. Farther back into 
the interior the hllb become a more promiiient topographic featurej 



FlC. 3. lo-oktng from Taip^ in the r&Ulng biUi of the interiorp 

towards the flat plateau region a,t&ng the coasts Rio Grande do Knrte. 


for they arc in the crystalline series of rocks. As one travels over 
the plateau regionj its flatness appears unbroken ^ but occasionally 



Fic, 4. looking notlhwcst from T^tp^ in th-t roUin^ hiHa Ipwardl 

the tLE^herp Interior countiyp Rio GraBde do 
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one tomes upon the border of a wide vaJky with unexpected groves 
of cflrws/iwfra palms^ fields of stigar-cane and bananas. A village 
with its quaint church, set on the upland^ looks out on the fertile 
area while all the surrouiidiiig country is as dry and arid as a desert 

The farther one goes into the interior tfie more arid the country 
gets. The river valleys diminish rapidly in widths and low hills of 
crystalline rocks are rounded almost to flatness by age and decompo 
sition. The granites tend to stand out as huge rounded denies^ 
carved and grooved from weatherings while tlic gneisses and schists 
form the general bast-level plain. The whole region reminds one 
of tlie deserts of Arizona with its dry, warm atmospherep its cacti 
and desert shrubs, and its lack of water. 

It is in a belt about ten or twenty kilometers wide along tlie 
coast that the rains have ihcir most decided effect. This region 
is covered with numerous small fresh-water takes. Some of them 
are connected with the ocean and some are not. In times of g^eat 
rains they overflow and connect witli each other. In times of 
drought some of them dry up compictelyp as Logoa Secca near 
Extremoz, a mere depression now which is said to have been full of 
water forty years ago. Often the lakes seem to have no outlet nor 
inlet, but if they are examined more closely they are found to be 
fed by springs occurring along tlie border just between the im¬ 
pervious dayey iron-sandstones beneath, and the loose wind-blown 
sand-dunes above. This was especially noticed in the case of t,ogoa 
Bom Fim, about thirty-eight kilometers south of Natal Villages 
are scattered along the borders of these lakes and each has its cocoa- 
palm grove. The people are very poor and live on the tittle they 
are able to raise and the fish which are caught in the lakes. Other 
lakes art formed in the river valleys dammed in at the mouths by 
sand bars on the seacoast. These regions are the most fertile of all 
Papary is a typical example of such a place. 

Areal Distribution of the Formations. 

The sketch map of the region about Natal given at the end of 
this paper, shows best the general distribution of the formations. 
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In the interior the rocks are cryatailine: granites, gneissesn schists, 
shales, quartzites, and various forms of intrusive dikes. At Maca- 
hyba an engineer, who had been far back into the country, reported 
marble at a c!istance of about one hundred and sixty' kilometers from 
the coast. This marble was said to ha^-e been like that found near 
Quixadn in Ceara, at the same elevation and relative location. The 
granitic rocks which are nearest the coast, in die region which this 
paper deals, occur at Macahybaji for here the river cuts deeply 
through the sedimentaries and exposes the older scries. 

Overlying the crystalline series are beds of fossiliferous lime¬ 
stone, lying almost bortzontally, or dipping about S® southeast, 
towards the coast, in layers of a few inches to a foot or more in 
thicknesSp This series is not well exposed^ The principal localities 
for the exposures are at the railway cuts and at tJic quarries made 
in the limestones where they come to the surface along the sides 
of the valleys. Following along the contact of the granites with the 
sedimentaries one may find occasional indications of liiiiestone on 
the surface. There seems to be a belt of this limestone^ left from 
the great erosion the country has undergone, about ten kilometers in 
width. A few pebbles of limestone were found On the surface not 
far from Tgupu, thus mdicating a greater extent of the limestones 
in previous ages. 

Unconformably overlying the limestones occurs an unfossilifercus 
iron-sandstone and day series of generally unconsolidated material. 
The beds of this scries are hard to distinguish, but they also seem to 
lie horizontal or to dip gently towards the coast. They extend in 
a belt about thirty kilometers in width along the coast. They are 
best exposed a$ sea-cliffs. 

The wide river valleys contain a deep deposit of alluvium. This 
is an important factor in the geology^ of the country for tliese deposits 
are found to contain marine shells, showing the valleys were once 
filled with water from the sea, and later completely silted up. This 
process of silting-up is at present at work in some rivers as Rio 
Jundiahy and Rio Potengj’, where it occurs about twenty-five kilo¬ 
meters inland. It is a mark of a submerged coast. 

Over all the other formations a vast amount of sand is at present 
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being deposited along the coast, blown inl^d by tlie wind. The 
sand tends to fill up the rhtr systems, for they are the lowest places. 
Jn time of drought the sand sometimes is able to gain complete 
control over some of the streams, stopping them up entirely. In 
time of great floods the water clears its channel again. A good 
example of damming by sand \$ the valley of Extremoz, wliere 
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sand-dunes arc heaped in the valley in longitudinal rows^ while 
at its mouth is a great sand bank; twenty-five to thirty meters in 
height^ iyiug across it at right angles. About fourteen kilometers 
inland I..ake Extremoz lies in the forks of the old river channel 
dammed in by this wind-blown intrusion. 

DEscjsirriON of the Contacts. 

The limestones lie unconfomiably on top of the old cr^'stalline 
series. The contact w^as plainly seen at Alvoredo, about five kilo¬ 
meters north of Macahyba, in the bed of die Potengy River, 

The sandstone and clay series lies uncon form ably on top of 
the limestones. At Jacoca, five kilometers southwest of Ceara- 
Mirimj the contact was observed in the limestone (|uarrtes. This 
showed the fossiliferous limestones in clearly defined beds, six 
inches or a foot thick, lying horiiontaily, with the sandstones rest- 
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ing uncortfonnably on top. This tinconformabk contact is dis¬ 
tinctly marked at these quarries and was carefully studied; photo- 



Fm. 6. An estposyxic iJoatr Rso F&teBgr showing the contact twtwMii 
hcrUEontal, fo£«L1ifcrou9 limestone* and the granites. Lcmkinj: near 

Alvaredo, Rin Grande do Norte- 


graphs were taken and material collected. At the point of contact 
the sandstone is very black, probably carrying manganese. Above 
tins tile sandstone has a soft white character, while on top lie the 



Fig. 7p Diagram made trom a phetograpli of Ihe unconfqraiitT hcLweca the 
fwHiUferonA Ume«tBne* and the undslonc ntld ela^ tefiei El* ^Kposed in a qiiSirOf 
it Jacoci, hvft kilometers smithweat nf Cciri-MirEm, Rio Grande da Norte. 

red iron-stained rocks so common over the country. On the surface 
of the ground are loose boulders of the iron-rock. The bedding 
of the sandstone is not ver>' clear, as in most localities, but has 
the general appearance of being horizontal. 
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The relation of the sand-dunes to the sandstone is dearly de¬ 
fined along the sea-cliffs. The older solian deposits of sand lie 
cross-bedded on top of the horizontally bedded sandstone and clay 
series. Above these are blown newly formed sand-dunes. 



Fic, S, Diagram of ibe biu€ft at Pfintc Rio Grai3d£ dQ NortCi Bbowing 

the oM StoHan BUiatificEition witli the newly formed Band-^urlei ca 

The alluvial deposits are extensive, filling the wide river channels. 

Descriptiox of the Fohmations, 

The formations are described in tliis paper in the following 
order: 

1, Tlie crystalline rocks, probably Arcliean. 

2, The Hmestonesj of late Cretaceous or early Tertiary age. 

3, The iron-saudstoncs and clays, which are later than the 
limestones. 

4, The alluvial deposits. 

5, Tlie sand-dunes. 

The Cry^aUine Rocks. 

The railroad extends twenty-eight kilometers west of Taipu to 
Baixa Verde. The rocks of this region are crystalline, and a study 
was made of them here. Beyond Baixa Verde one or two kilo¬ 
meters, new railway cuts expose fresHi specimens of these rocks, 
showing something of their general relation to each otlierp This 
part of the paper has been taken freely from the notes of Dr. J. C. 
Brarmer and Mr. E. Leib. Slidesn made from the rocks collected* 
have been studied and the following report js submitted. 
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Decomposition has had a marked effect iii leveUni^ down tfits 
region, so that the natural exposures are only in the shape of flat 
bosses and exfoliated boulders. Mound-shaped hilbr as that of 
Torreio Pealf, which is about seventy meters high^ lying tJiree or 
four kilometers northwest of Baixa Verde+ are composed of granitic 
rocks* On their surface are scattered great boulders of exfolia- 
tioHy while at dieir base are bare* flat exposures of other cri'stal- 
line rocks, giving to the w'hole the api>earancc of glaciation^ 

In all the railway cuts it was noticed that dikes of granites and 
pegmatites cut through micaceous schists* These dikes vary in 
width from one to thirty meters, sometimes following the plane of 
schistosity and sometimes cutting across it. Often one dike inter- 



Flfi. of railway Cut JUrar Baixa Verde, Riit Onnde do Norte, 

fthawing haw th« dlkm intersect the ^chisLi- acd how |hc topaeT^pliT ja im^ 
by Ltiesi;. 


sects another. These dikes and schists do not show^ in the topog¬ 
raphy ^ all are eroded and decomposed to the same surface level. 

The following are descriptions of the rocks collected* 

Quart^iitic Ark^sCr -—This specimen was collected near Taipiii 
kilometer 53, It outcrops in the region of dikes and schists- Tlie 
rock is a medium-grained quartzitic arkosc containing some minute 
cavities. Under the microscope the grains show^ that they are irreg- 
tdar in size and angular to suhangular in shape. They are principally 
fragments of quarts, plagioclasc, microcline, and orthoclase* all 
cemented flrmty by opal. Chalcedony occurs as a secondary mineral, 
hlViug the minute cavities. 
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QuQrl::^Bwtite Scldst.—Thh was found at kilometer 49.5 near 
tlie place wlicre the railroad ero^^es the Ceara^Mirini Rive^^, not far 
from Taipn. Tlie rock is dart-colored^ hard^ rather fine-grained^ 
containing qnarta and biotite in great abundance. Its general 
appearance indicates that it may have been derived from some old 
sedimentary series. A slide show's quartz and biotite to be abundant 
as cemented grains. The feldspars are cloudy and hard to dis- 
tingwish. Magnetite is scattered through the rock. Tliere is some 
hornblende and tourmaline present. 

Bi&iUe-Sdnsis .—In the cuts west of Baixa \"erde grapites and 
pegmatites cut through biotite-schisls. Fresh specimens of these 
schists have a shiny, black or purple color. Wlien weathered a 
little^ the schists turn a brownish tint. In one specimen collected at 
the sixth cut beyond Baixa Verde^ the following minerals appear in 
the slide: bbtite in great abundance, quartz rather prominent* a 
considerable quantity of plagioclase and orthoekse^ only scattering 
amounts of apatite and magnetite, and some garnet. Another speci¬ 
men of this biotite-schist, which is partly weathered, sliow'$ some 
sillimamte. 

Granitir-Aplilc .—A specimen from a tlike cutting through the 
biolitc-schists in the fifth cut ivest of Baixa Verde is a medium- 
grainedp pinkish-white granitc-aplit*. Quartz grains are distinct* 
Muscovite and hiotite arc easily recognized in the hand specimen. 
With the microscope the folloiving minerals were found: orthoclase 
and quartz are abundant; plagioclase and microcline are rather 
prominent; there is a quantity of titanlte; both muscovite and hio¬ 
tite are present; some garnets and specks of magnetite are scattered 
through the rock, 

£ 7 ran/lc-Pr^nintilr*—Occurring as dikes, breaking through the 
hiotile-.^eliists^ are granite-pegmatites. Some of them are graphic 
granites, and in some the quartz is scattered through irregularly. 
All of them are a ligiit pinkish, decomposing to an almost ivhitish 
color* the feldspars changing over to sericite^ A slide sliovvs the 
following minerals: orthoclase^ plagioclase, and quartz in abundance; 
microcline, rather prominent; biotite in patches; and tourmaline of 
a very dark variety. In one pegmatite there occurs a vein of red- 
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brown chalcedony. This may indkare that the schists were derived 
from old sedimentary rocks. 

—Tlie larger dikes which cut through the schists are 
usually granites* These rocks are medium-grained with a pinkish- 
gray color due to pink color o£ the feldspars. In one specimen the 
following minerals are in the slides: ^5uan3tp plagioclase, and ortho- 
clase in great abundance: hornblende and magnetite prominent: 
titanite^ gamete and pyrite in smaller amounts. Other speeimens 
from one of the larger dikes show a quantity of microcline and in 
addition to tlie other minerals zircon and apatite^ In a specimen 
which came from a decomposed portion of the granites, seridte is 
prominent. The feldspars decompose leaving the mica flakes and the 
quartz grains prominent at the surface, 

L<ig of WeU at Baixa Verde^ Rh Grande da Norte. 

The following is a log of a welt with a six and three-fourths 
inch bore taken at Baixa Verde, Rio Grande do Norte, at kilometer 


&4> elevation 162 meters, 

Ae - 

Gneiss ...... .,,b* 5 

Dark sr^nitic Schist . *---- --... - -.. to 

Cranilic rock, hard *,...* ^ .*..*. *.^. .15 

Gneissoid granite . *,, *. * * p * ** ^, *.. * ^. --*.. l8 

Schist . K*.*,i**i*pP...*p**.*.*p M 

Fresh, hard granite, pinkish.., **.. *,. *. ^ ^ ** h p.* 4 . * 4 k p * 39 

Gueissoid granite^ with dark streaks____ 43 

Hard, gntissoid granite, pinkish .*. p * 4 s 

Gwte^t depth readied ......... 46 


From the above well, bored in crystalline rocks, it is clear that 
the gneisses, schists, and granites are intermixed and intergrade* 
This is which they occur in this country,— 

first one and then the other, with perfect gradation. 

The Lijne^tones. 

General Descriptian.^Tha limestones vary in color from light 
yellow to pure white. Some of the beds are bluish in appearance 
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and are hard and siliceous. Other beds are softer and limy^ scattered 
tlirou^h with sand grainSp while others are almost sandstones. At 
the quamesp where the beds can best be studied, the more siliceous 
parts are cast away and the limy portions put in the kiln. The 
limestones usually show indications of fossils by small cavities and 
poor casts of shells and plantSp but actual remains of animals them¬ 
selves were not found. Mctasomatic replacement of the shells by 
other minerals W'aS not found to ocenr* although large irregular 
cavities give place for the deposition of silica in the form of quarts 
geodes. 

A slide of the limestone obtained near Itapasaroca was studied. 
The following minerals in irregular grains w'cre found in it ; quartz 
orthoclase, microcline, and mica (biotite and also probably musco¬ 
vite). The main part of the rock is a fine-grained carbonate con- 
taining both caleitc and dolomite. Chemical tests showed some 
portions of the rock to be more dolomitic than others. It may be 
called a magnesian limestone. 

Detailed Description ,—The following are the principal localities 
studied where the limestone series is exposed in cuts : 

1. Itapasaroca,^—railway cut at kilometer 45, exposing limestone 
beds containing fossil casts of shells and plants. 

2. Ceara-Mirim,—a quarry near kilometer 35. Limestone is ex¬ 
posed but there are no fossils. 

3. Jacoca,—four kilomeLcrs southwest of Ceara-Mirim two quar¬ 
ries expose fossiliferous limestone beds. Here the line of the uncon- 
formablc contact with the rod-sandstoncs may be definitely traced. 

4. Masaranduha,—fifteen kilometers north of Macahyba. A 
quarry is on the bank of one of the inlets to Lagoa Extremoz. There 
were only bare traces of fossils in the limestone beds. 

5- Desterro,—seven kilometers north of Macahyba. A quarry in 
sandy fossil iferous limestone. 

G. Alvoredo,—exposure on the bank of Rio Fotengy, three kilo¬ 
meters north of Macahyba. Here limestonep with faint traces of 
fossils, lies directly on top of tlie granite, also exposed in the stream. 

All expose practically horizontal beds, which have riie general 
tendency to dip towards die ocean to the southeast. These lime- 
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stones are all obviously in tlie saiue horizon. Although each locality 
seems to have its own specific character and fossils, yet tliey all are 
more or less similar and are probably different facies of the same 
horizon, 

liapasarQm. 

Half a kilometer beyond Itapasaroca, at kilometer 4 St the rail¬ 
road cuts through beds of limestone. Tliis cut exposes four or five 
meters of the series. In the material thrown out of the cut, impres¬ 
sions of shells are abundant. In some of die rocks figures of plants, 
such as palms, occur. No good fossib could be found, but there 
is an abundance of materia!. The rock is a light or buff color. It 
occurs in beds of a foot or six inches in thickness. The strata 
stands almost horizontal or dipping slightly towards the sea to the 
southeast. In this exposure some of the beds have been slightly 
compressed into waves of about a meter in height. Beyond tins cut 
Is the old valley of Ceara-Mirtm, and on its opposite side are the 
crystalline rocks, at a lower level than the limestones. 

Ccard-Mirtm. 

About tw'o hundred meters up the railroad from kilometer 35, 
near the town o£ Ceara-^Iirim, a lime kiln is situated on the south 
side of the railroad track. One hundred meters or so up the hill 
from this is a limestone quarry. The hill forms tlic bank of the 
valley of Rio Ceard-Mirim^ and the railroad skirts its edge. The 
beds at the quarry- are practically horizontal, four meters being 
exposed in the cut which lies about meters above the railroad 
track, Avhose elevation at Ceara-Mirim station, not far off, is 31.5 
meters. Tims tliese beds lie about 60 meters above sea levek The 
material of the beds is very hard and limy. The fossils, which 
formerly must have been in this rock, have been completely obliter¬ 
ated by circulating waters. It was noticed at this quarry that the 
decomposition of the beds was aided by the action of roots of the 
shrubs, w'hich opened cracks in the limestone allowing surface w aters 
to pass readily dowmward. These waters carry with them iron 
from the sandstones aljove and deposit it in the cracks, leaving the 
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white limestones marked with streaks of red-brown. The hill above 
these beds is covered with thick scrubbj’ vegetation. The soil is 
red and sandy, and lumps of the red iron-sandstone are scattered 
over the surface, showing that the' sandstone beds lie above tlie 
limestones, 

Jacoca. 

Four kilometers southwest of Ceara-Mirim is situated the village 
of Jacoca in the valley of one of the inlets of Lagoa Extremoa. On 
the northern bank of the valley are two limestone quarries. These 
expose about four meters of limestone beds overlain, in certain 
places, by as many meters of the red-sandstones. The contact 
between these two series of rocks is irregular and unconformable. 
Each limestone bed is about a third of a meter in thickness, making 
a total of twelve beds. These vary in their content of lime and 
* silica. Poor impressions of fossil shells arc still left in the rock. 
The material is almost pure white in color and is a magnesian lime¬ 
stone with sand grains scattered through it. Tlie contact line is 
irregular and shows that the limestones once underwent the reduc¬ 
tion of erosion before the sandstones were laid on top. Between 
these beds and the sandstones is an area of black material which is 
probably a deposition of manganese. Above these arc whiter sand¬ 
stones of soft character, and still higher up are the red sandstones, 
characteristic of this latter series. On the surface of the ground are 
scattered boulders of the red iron-rock, 

Masatandttbff. 

The village of Masaranduba lies in the valley of Rio Guargiru, 
an inlet to T.jgoa Extremoi, on aVoad which leads from Macahyha 
to Ceara-Mirim, about half way betivcen these two cities. One kilo¬ 
meter east of Masaranduba is a limestone quarry situated on the 
bank of the valley. The beds in this place are practically horizontal 
and unaltered. The exposure is four Or five meters iiigh. The 
material is of very pure limestone. It is white, and almost devoid 
of any fossil remains. On the hill above are loose pebbles of both 
limestone and iron sandstone. 

FROC. AHEL FHIL. SOC,, Ul, all K, FUffTim S HIT, t6,1913. 
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On the northern side of the broad valley of Potengi^ north of 
Macaliyba and near the place of Desterro, are some surface indica¬ 
tions of Hmestone. Holes, a meter in depth, have been dug in pros¬ 
pecting for limestone. The material in these dng-onls is a yellow^ 
sandy limestone containing fossils* evidently in the same series as the 
other limestones- 

Alvofeda. 

On the southern side of the valley of Potengjr, near Alvoredo 
and north of &Iacah>'baj where the river cuts into its bank, is an 
exposure of about eight meters of limestone beds. These are hori¬ 
zontal. The material is the same as in the other loeaHties with more 
sand and with more fossil impressions. Up the river^ thirty meters 
or 50^ is a granite mass in place, standing about five meters higli. 
Altliough bushes and soil hide the actual contact of the limestones 
with the granite, yet it was clear that the beds lapped directly on 
top of the crystalbne rocks. 

Fossils from the Limestones is the Rrgios About Natal, 
Rio Grakue do Norte* 

The material collected from the fossil localities of the limestones 
in the region about Natal, Rio Grande do Norte, is exceedingly 
pcjor. Only casts and impressions could be found. In all they con¬ 
sisted of about a dozen different species of marine or brackish water 
shcllSr one questionable crustacean, and some plants, chiefly palm 
leaves. The limestones contained, in most cases, just enough sand 
grains to ruin the detailed character of the Impressions. There 
were no definite horizon-marking fossils i but they all have the gen¬ 
eral appearance of being Tertiary, probably in the lower part of 
the series.* 

*A colleedon of the from ihe Rio Gmndc do Norte limestones 

was sent lo Professor Gilbert D. Harris, of Cornell Univwily, for examina- 
tian, anti he writes aa follows of it under dale of DecembeT ao^ JOli: " Manjr 
of yottT fipocimens 1 jud^i'e belong 10 iindtscribed forms. Of the generic 
typ« 1 SM none that might nol possibly be anywhere from Cretacecms to 
recent, except perhaps ibc fngincntary itnpress of an Arcn^ None appear to 
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This material looks ver)' n^och like that collected at Ponta de 
Pedras, which is supposed to be Eocene.* 

The only fossil which is common to both these localities is 
Corbin HI soaresanum Rathbun. 

The general character of the beds shows tliom to have been de¬ 
posited in an estuary. This indicates that such a condition existed 
tlien as now along the coast of Erazilg i, a sunken coast. 

Cardium (Criocaeuium) soahesawum Rathbun. 

(Plate XXr, Fi^s. 2 and 20.) 

Cardium saar^sanum Rathbun. Prof. Bost. Soc* Nat VoL 

XVIL, Rathbun, "Cretaceous Lamellibrancbs of PcrnatiTbuco, 
Brazil," pp. 2 S 3 -^S 5 - 1874. 

Cordiufn {Ctiacordifim') foarfisaniti^t Rathbun. Extract from Artht- 
vos do Nacional do Ria de Janeiro^ Vol. VIL, C, A* 

White, "Cretaceous Paleontolog)^ of Brazil,” p. 90, PI VI.;, Fig. 
6. 7, Wash, iSSS. 

Carduwi (CnVrtirdiiitii) 1171a Rathbun. BulL Geot, S&c, Am.^ 

Vol, 13^ p. 47, J. C. Eranner, "Geology of the Northeast Coast 
of Brazil/* 1902. 

This is the only species that may be identihed in all tlse material 
collected from the limestones of the region about Natal, Rio Grande 
do Norte. Numerous casts were found in every fossil locality and 
are easily recognized by the fine radial ribs, about 22 in number, 

be dislincdy Cretaceous unless the fragmcptaty iniprcsaei of a broadly 
turrelcd form ^howin^ some peculiar internal lirations should prove with 
other fnateiial to be a true Neritiaea. The fauna bears sgnic fcsctnblance in 
its little Chionc forms 10 the Mam Farinha fauna, and thou&h evidently 
representinK a phase I nm aua^ouaitited with, I shauld be fndined to re&ard 
it as old Eocene, Sttll, as I said before there is not a single ch&raeterlstie 
form wherewith to prove this statement" 

The J^furnai ihf Academy af Nfiittral SAcners af Fhd^dAlrhh, Vol 
XV., lately published, has a praper on some fossils found at Trinidad in the 
northerti part of South Americar It setdea the age of the Maria Farinha, 
OHnda and Ponte de Pedras beds definitely as Midway Eocene (pp. 32-33>■ 
The beds at Itapasarocn look precisely like those of the .Midway Ectfcne beds, 
and each contains Co^dinm Ralhfaiiu. 

• J. C. Brauner, "Geology of the Northeast Coast of Brazil'^ Bu(L GeoL 
Sof, Awtr, Vol. 13, p. 47. tgos* 


450 


JENKINS^EOLOGY OF THE 


[Mil 3* 


each ornamented with minute points on its ridge. The specimens 
arc smailt about 13 mm. in heiglit and width, and the tluckness of 
the tw*o valves is 6 or 7 ram. Inside casts are smooth and may be 
confused with the impressions of the sculptured outside. 

CosnuLA (?) sp. ind. 

{Plate XX., Fig. I.) 

This Corbnla-like form is not like that recorded from Ponta 
de Pedras. Most of die specimens were 12 Or 13 mm. long and 8 
or 9 mm, high, but one specimen is twice that size. The beak is 
situated about a third the total length from the posterior end. No 
radial ribs appear in the impressions, but the lines of growth are very 
plain, standing out in marked relief, .^t the anterior end diere is a 
raised portion, almost a ridge, running to the beak. The total angle 
made by the shell, taking the beak as the vertex, is approximately 
120®, 

This form is easily recognized by its smooth, even form and 
tlie distinct OTncentric lines of growth. It is abundant at the ex¬ 
posure in the railway cut near Itapasaroca, Rio Grande do Norte. 

CERiTt1IU« (?) MimsfitXSE Jenkins, new species, 

{Plate XX., Figs. 8 and Ed.) 

&Iany casts and impressions of a Cf‘ritfn‘Hi«-likc form were 
found at the railroad cut near Itapasaroca, Rio Grande do Norte. 
The maximum height of the shell is nearly 15 mm. and the width of 
the lower part is 6 or 7 mm. The angle of the spire is 4 *^* 4 S*’ 

Four or five ridges stand out on each half volution, running in the 
same direction as the spire, and alternate w’itb the ridges on die 
adjoining volution. Spiral lines, 6 or 7, to each volution, run over 
the ridges and around the shell, following the volutions, and divid¬ 
ing the ridges into a row of Utile knobs. There arc 6 or 7 volutions, 
which decrease rapidly in size as they approach the top of the spire. 
The aperture was not w^ell preserved in any of the specimens col¬ 
lected. In one or two cases it looks as if it were oval-shaped. 
There U no sign of an extended canal. 
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This species is easily recognized by its veO' convex shape and 
the distinct sculptiiring which is on its sides. Delicately orna¬ 
mented cup-sbaped impressions, left in the finer siliceous parts o£ 
the limestones, may be easily observed. 

Cerithium (?) sp, ind- 
(Plate XX.. Fig. 4-} 

At the locality near Desterro were found impressions of a 
Crr/t/iiKw*-like form unlike those found at the other localities. 
Lengdi, 10 mm. to 12 mm.; width of last volntton, 3 or 4 mm.; angle 
of the spire, approximately 2$°. The volutions ate about S in 
number, each convex in profile, and ornameiited with spiral, slightly 
dotted lines following around tlie volutions. The aperture was 
not preserved in any of the specimens. 

Tuhritell.\ (?) jACOQViErA Jeukius, new species* 

(Plate XX^ Figi, 7 and ja.) 

A broadly turreted form. The length is 25 or 30 mm. The 
width of the last volution is 12 or 15 mm. There are 3 or g volii- 
tions on the spire which comes to an angle of approximately 40''. 
Each volution is slightly convex in profile* The oniamentation is 
not distinctly visible on such poor niateriaL There may be some 
sort of ornamentation following the center ol the volution. 

Many poor casts and impressions of these shells were found in the 
sandy limestones of the quarries at Jacoca, four kilometers south¬ 
west of Ceara-Mirim, Rio Grande do Morie. Instdc casts show a 
double spiral coil following the volutions. 

It is difficult to tell from such poor material Avhether or not this 
is a Turriteth. If it proves to be Nerfn 04 r<t it may place the age 
of the rocks in the Cretaceous. However this species is easily rec¬ 
ognized by its broad form and may be of use in later correlation. 

TuRRtTKLLA KATALEWSis Jenkins, uew^ spectcs. 

(Plate XX., Fig^. 6 and 63,) 

A small, slender shell about 35 mm. long. Tlie longest found 
was 50 mm. The diameter of the last volution is aliout 6 or 7 mm. 
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The angle of the spire is about 13 *. The shell has from l6 to 23 
volutions, usually iB or i% omaniented with two row^s of tiny knobs 
situated at the borders of the volution^ dose to the suture. The 
row on the upper side is more prominent and becomes more so the 
nearer it approaches tlio top of the spire. In some of the younger 
or smaller specimens it stands out as a knobby ridge. There is 
another rather distinct row of knobs or points following the center 
of the voliilion. The material is so poor that it is difficult to de¬ 
termine anything further about the ornamentation except that it 
varies a little among different specimens. Some of the knobs are 
almost spines, appearing as little points, G or 8 on each half volution. 

This form is not Turritdla elkUa as given by White, found at 
Maria Farinha and Ponta de Pcdras. It differs principally in the 
ornamentation, having rows of points instead of ridges on the 
volutions. Also these rows are not situated in the same positions 
as in Turritdla nor is tlie angle of the spire nearly so great. 

The original slidls w^ere never found, so the casts w'ere studied 
principally from wasc molds made from them. 

Associated with these fossils were Ctirdimn soarcsomim Ralh- 
bun, some Cmthhivi^, and a Cnr^fi^u-Uke form. Apparently on 
top or interhedded with strata containing these were found casts of 
plant fragments, such as palm leaves. 

Numerous casts of these Turriidliis were found near Itapasa- 
roca, Rio Grande do Norte, in the limestones exposed by the railway 
cut. In most of the other limestone exposures of this region these 
$ame forms occur. 


Other Fossil Remains. 

(Plate XX„ 3i 5. and 9 ^) 

Other fossil remains were found in the limestones. One ap¬ 
peared to be a portion of a Pholas-Wk^ shell; another, probably an 
OjT^r^ff i^igr 3). A larger bivalve, Cardirw-like, about 25 mm. 
long and 20 mm. high, w^as rather common. A small Cerf^^niiiFi-like 
form (Fig, 5) w ith a sharp, smooth spire, making an angle of 40*p 
was found and is probably different frcaii the other CerUhiums, A 
fe^v specimens of a small gastropod (Fig. 9)^ something like Natica^ 




region about natal, i-ia 

occurred In some of the beds. A small portion of a Kgruepted 
animal, probably a crustacean of some kind, is also m is co cc- 
tion, ITie plant remains are principally impressions of fragments 
of palms and leaves of other plants. The principal importence of 
these plants lies in the fact that they indicate estuarine conditions of 

deposition- 
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E:r>JhMdH0a. —I. U the railroad cat rear Itapafaroca; J. is the quarry at 
Jaeoca; A. Is the locality near Alvoredo; D, is the outcrop tiear Desierro. 


The Slmdstone oiid doy Series. 

The sandstone and clay series lehich overlies the limestone is 
easily recognized by its peculiar character and color. It is a soft 
quartz sandstone intermixed and interbedded with sandy day and 
with small pebbles up to boulders the size of a man’s head, Its 
color is usually a brick red. but varies from white to a dark red- 
brown; red, blue, yellow, and lavender are some of the commoner 
shades. These sandstones must carry a large quantity of iron, for 
its presence is very noticeable at surface exposures. Along the 
sea-cliffs the leaching and concentrating is marked. It often forms 
perpendicular bands in the material, alternating hard red columns 
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to soft white ones, easily w^hed out by the sea. The harder por¬ 
tions of the concentrated limonitic deposits often form irregular 
shapes, leaving small holes and caves in which bats sometimes live. 
These more resisting portions may sometimes be Left standing out as 
mere columns, breaking off before the beating of the waves. \Vhcn 
these irregular rough pieces collect together they cement one to 
another and form a solid rocky point. So well is this cementing 
process carried on, that it is often hard to find a single loose pebble 
around a promontory. The soft leached parts of the cliffs are 
washed aw'ay and thrown up on the beach, where the wind carries 
them back over the country in the form of sand-dunes. 



Flo. lo. A tTpicsl 9ect{m ot tli« lasditone as Jo a atrtam cut 

ei(!h( tciionictcrt HuUi pf the fort at Natal, Eio Grande dp Norte, 


All along the coast from Natal to Busies the bed rock which is 
exposed is that of the sandstone series. The points named on the 
map and many other smaller ones are all made up of hard red- 
brown iron-Cemented sandstones, whicli occur in irregular blocks 
broken down from an adjoining low cliff. In some places, as about 
eight kiJoraeters south of tlie Fort at Natal and a hundred meters 
from the beach, the sandstone series has been cut through by a 
stream into deep, extremely narrow ravines. The beds are almost 
horizontal and the genera! surface is level, but these peculiar cuts 
break the surface, making it almost impassable although they are 
not much more than ten meters deep. It is a sort of Grand Canyon 
t)pc of erosion. In such places bedding may be distinctly observed 
and the nature of the strata easily studied. The beds vary in tex¬ 
ture from a fine soft sand or a clayey sand to a coarse conglomerate. 
These are interbcdcd, ail carrying more or less clay, and varying in 
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hardness but usually rather unconsolidated. The amount of iron 
in the rocks seems to determine their color and also their hardness. 
These colors vary from white through all sorts of shades, especially 
red, brown, purple and yellow, Somednics they are banded or 
streaked. Sometimes, as at Barreiras do Inferno, certain beds have 
concentrated all the iron. At this place the undenntning action of 
the waves causes huge iron-sandstone blocks to break oflF and drop 
from a ledge tliree meters thick and these form a pile of irregular 
shaped boulders along tlie coast, all cemented together. These 
cliffs extend for about a kilometer along the coast. Their maximum 
height is twenty-five meters and they are perpendicular or sometimes 
overhanging. It is very difficult to pass back of tliem on account 
of the deep ravine structure formed there. 

Just south of Barreiras do Inferno there are caves formed in 
the sandstone, which is harder and stands up better than in other 
places. These caves are formed by the waves at high tide. One 
cave was noticed which was one meter high, seven meters ivide, and 
ran back five meters into the rcHjk, 

Usually the sandstone bluffs are not much over five meters high 
and the bedding is invisible on account of the peculiar banded per¬ 
pendicular leaching. This was especially noticed at Jforcego and 
at Pirangj’. Here the iron is concentrated in perpendicular bands 
or columns, leaving a soft sandy or putty-like material in between. 
Over these bluffs the sand-dunes rest. Probably the rain, which 
sinks down tlirough the sand-dunes, is ri^ilated in seepage in such 
a way as to have this peculiar leaching effect on the beds below. 

Farther into the country this sandstone scries is easily recognized 
by its peculiar reddish color, visible especially along the bw bluffs 
u'hich border the wide valleys. Also it is seen where the wind¬ 
blown sand is only thinly scatteretl over the surface of the ground. 

In all these beds not a single sign of any organic remains was 
found. 

The vegetation on this series is always poor, scanty, and scrubby 
in form, sometimes almost entirely lacking, 
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Atluinum. 

The only fertile land of the country is the alluvial deposits. 
They occur in the wide flat valleys as a black, sandy loam containing 
a good deal of plant matter. These deposits have been carried down 
by the rivers and washed in by the sea. In some places as in the 
river by Ndtal, this silting up has not yet been finished. Here man* 
groves act as a sieve for the sediments. In some places they have 
only left a comparatively small passage for the water, taking up at 
least four fifths of the entire valley, which is about six kilometers 
wide. Their many spreading roots retard tlte flow of the heavily 
laden water, ivhich drops its load and thus fills up the channel. 

Some marine shells w’crc excavated from an irrigation canal 
made in tlie center of the valley of Rio Ceara-Mirim, about ten 
kilometers northwest of Extremoz and fliirtcen kilometers from the 
coast. From their preservation they look as if they were of Qua¬ 
ternary age. They occurred about a meter underground. The 
valley is very low at this point, said to be two meters above sea 
level. This shows that the sea must liave extended up to this 
point, probably in a long narrow channel filling tlie river valley, and 
since then has been silted out, and possibly the country has been 
raised. 

Borings for ivclls as far up as Carnahubinha bring up shells of 
the little rock oyster, Onrea fqitfsiris^ in great abundance. One 
well was sunk in the alluvium northwest of Carnahubinha, half a 
kilometer from Rio Jundiahy and at the depth of twenty-one meters 
a ledge of these oyster shells was struck. An Indian hammer head 
was also dug up from a depth of three meters in the alluvium, near 
the river at Carnahubinha.* 

This is a deposit of more recent agej in fact the deposition may 
be observed now. 

The most interesting thing about the alluvial material is its ex¬ 
treme depth. It extends below sea level. In fact all tlie valleys 
show this sunken condition, for they enter the ocean below sea level. 

* Information obtained from Mr. JoflW Cbarles Smith at Cafnahiibittha, 
Natal, Rio Grande do Norte. 




REGION ABOUT NATAL, BRAZIL. 


457 


The carnahuba palm is a plant of the alluvial deposit It 

does not grow in the sandstone series. 

This hituviat deposit in the x^aUey occurs farther back into the 
interior than Macahyba. It could seen as a wide flat depression 
many kilometers beyond this point, but its limit was not exactly 
determined* ^ 

Lest op QuiVTEl!^^At£V Sheu^ fkom an Excavation in the Beh ^ Rta CelasA- 
Muuh, Tex Kllduete^s No&TiiWEST or ExTttCMo£, Ejd Geanoe do Notte, 

, Peltcypodur 

tl. broMilianft Gmelin. 

Area iScapharca) brasUhrta Lamarck 
Area (Cuiirdrcd) desknyfm Hanley. 

Area {Stapharaea) pt^ala Say var. hotmaAi. 

*$. Cardium ^NhnVdfimi L 
Chione p^fctorina I-amarck 
t7- Corbula sudftiana C B. Adams. 

•8. Dh^iricAia qvadrimkaia d'Orbign>% 
ta Phaeoidn anO'libriaifi Reeve 
tio. PAdr<Jiifrj pccUnaiui GmeliEU 
tn. Laevicardmm swrraium L 
ti2, AfdCGwa sonsfriesa Bniauicfe* 

•tj. Ostrea equejtru Say. 
ti4. Pe^ien (near aniilteniW),, 

♦15. TdHina /inrdld Turlon, 

•i 

CasfrQpada. 

•16. ^fidcAij /yrdfd Sowerby, 

•ly. B«/^d ifridfa Bruguierc. 

*tS. Ccrilhium algk&t& C, B. Adams. 

*1^ Cmihlum fk&maiiae Sowerby. 

*«lL HrMifustis frtoifo Lamarck 
t2l- Nassa vibrjt Say. 

Neriima vt^ginea Lainartk. 

EjrptanaH&n, 

* Sheila compared with thoae collectihd oa the Branner-Agassix cxpedL 
tion to Brazil and idetilified hy Dr. DalL® 

e W, H. Dali, “ MoHnska from the Viciniiy of Pernambuco,^ Proceedings 
of ike IEcjA. Aead. ScK Vot VIIL, pp. 15^147. April 15, i^Ol. 

t Shells compaTcd with those from collections from Florida. These are 
also listed in this same paper of Or+ Dallas. 

I Shells identified by Dr. Dali, Rovember ipia, who says: 

"'These shells arc (except Pectc^n) identical with West Indian lorms 
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now living, moil of which also Uve on the Bfaiilian coast The Fectt« may 
also htt but wfl don't happen to hav« tL"' 

AU llie rest d the shells arc Weat Indian lorms now living- The age 
of the deposit is probably kle Quaternary. The deposit is eiidcttlly estu- 
aritM^ the sea having ciitndtd into the old river channel in a narrow tni^y- 
menL The water was mostly salt^ but partly brackish, for CfritAium^ 

A'rrtJifwi, C0rH(a, Offrm, and possibly /^rcp (making a total of nine spedes 
out of twenty-two) are brackish water forms. AVnliuo sir^iViCfl is some¬ 
times found even in praetieally fresh water. 

Log 0? A Well at Natal^ RiO GkANDL do Nokte, 

(Eeporied by E. H. Soper rn a letter of SepL T&I 3 , to J. C Branner.) 

1 give here the log of a well which was drilled about one mile 
[tw^o kilometers] from the bridge, toward Natal, across the river 
from Natal, and on the low marshy ground which borders the 
stream. The figures are from Burgess, the driller whom you may 
remember as the German who drilled the well in the erystalimc stuff 
at Bauca Verde. He kept samples systematically which 1 saw and 
from which 1 compiled this record- 

ShlcijCTk 

0-J2 All a hlackish^ sandyH 5 ^ticky, clayey mud- All contains more or 
less w^ur which is salty. 

33-41 A sandy clay, mised with pebbled and boulders of ctuartzite. The 
largest pebble in the sample was about the siie of a hen's egg. 

41 - 43 White fine-grained sandstone. 

42 - 44 Yellowish brown, clayey sandstone, 

44-46 Whitish clayey sandstone. 

46-50 Finc-graintd reddish sandstone with occasional lafigt pebbles of 
quartzite. 

50-55 Dark, fine-grained sandstone with some clay and a little ttiica. 

SS-S 7 Quartiite pebbles with chtmks of a minefal which gives a sharp 
biting taste tike sal ammoniac. 

57-64 Dark colored fine-grained sandstone which gives place to a hardt 
coarse-grained sandstone. 

64-67 Dark pebbles of quarb-itc with pieces of hard, coarse-grained, 
vitrified sandstonc- 

67-83 A very fine-grained sandstone with considerable clay. Very hard. 
Conies out wet and black. Is a grayish white when dry, 

B 3 -S 7 A hard, brownish, sandy clay. When wet it was very black and 
could only be removed from bands with kerosene. Had a had 
smell. 

87-^ Same as 67-82. 

SB^ Same as ^- 87 r 
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94-103 Coarse^ firajish^ clayey sand. 1 

103-107 A brqwtiSih and grayish fioe-grauiedT sandy clay which is Dlack 
when wtL 

“ I might add titat tht wreli stopped here. There was more or 
less water all the way clown but none oi a drinkable quality. The 
name of the place where this well is located is ' Porto do Padre. 
Burgess told me that when the tide was high, the level of the water 
in the well was low and when the tide was down low, the level of 
the water in the w-ell was up.” 

T/ie 

The action of the sand-dunes on the northwest coast of Brazil is 
of great Importance. It is best studied along the coast for there 
the waves sometimes cut Into the banks and expose dunes of older 
ages. Cross-bedding is the general form which it takes, distinctly 
marked, and overlying the soft red sandstone series. The sand is 
composed almost entirely of white quartz grains. It is blown back 
from the coast and across the country. It forms long parallel hills 
of yellowish color across the railroad south of Natal just north of 
Pitinibu. Here it has been carried from Ponta Ncgra. This form 
is common all along the coast in a belt about ten kilometeTS wide. 

An interesting work of the wind and sand was that in the valley 
Extremoz, At tlie mouth of the valley, which is about tivo kilo¬ 
meters wide, there is a bank of sand-dunes some thirty meters in 
height, completely shutting in the basin. This bank must have ex¬ 
isted some time, for a small lake, bordered by cocoa-palms, is 
nestled in its crest. The valley back of it contains a series of long, 
narrow freshwater lakes more or less connected end to end, but 
distinctly separated on their sides by long parallel dunes running 
lengthwise up the valley, standing almost as high as the surround- 



Fig. ]]. CrGAS^ieciiOfl- of the Valley of ExlrcEiv&z, RiQ Grande do Kcrtc, show- 
iflff llie Kystcin of paTBllel llhhct between tbf sanid-dluim wfakh dzm it up-. 
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ing low Thtse dunes are of old character, dirty, and cov¬ 

ered with vegetation. In some places the lakes are round, hut usu¬ 
ally ihey are long and narrow. They are bordered by little or no 
vegetation. Nearby a cocoa-palm grove may stand with its tiny 
village. This condition continues for ten kilometers up the valley to 
Logoa Agramara. Beyond there are a few meadows, dried-up pondSi^ 
and sand-dunes T.vhieli clp=e up the valley fartlicr on. Logoa Ex- 
tremoz is a horseshoe shaped body of water beyond the sand-dunesi 
situated at the junction of the two oM river beds which go to form 
the main valley* This lake has a tiny outlet which runs into a 
marsh where tt is dried up and sinks into the sand. The village of 
Extremoz lies on its northern shore and the railroad passes in sight 
of it. The general appearance of the lake as viewed from the car 
window^ was that of a river, not a lake. Further exaniSnation 
showed it to be a lake in an old river channel with two inlets, one at 
each of the ends of the horseshoe. “The fish fauna of Lake Ex- 
tremoz is made up of the usual fresh water form^ of the region 
and, in addition, many typical salt water ones, such as CeHirofiomtu, 
Mtigil and Gerras, showing that the lake has been connected with 
the sea in recent years, though it is said to be cut oil by sand hilts at 
the present time."* These marine fishes are known to live fof years 
in the fresh %vater of the tropics but are not knoivn to spawn there. 
The habit of spawning in $ca water is too great to be rcatlily changed. 
At Ceara-Mirun only fresh water forms were found. At Papary 
both fresh and salt water forms were found in the lake. The lake 
in this case, although dammed at the mouth by sand, has at present 
a direct connection with the sea. It is hard to see. In the case of 
Logoa Extremoz, how fish can ever get out or how they have existed, 
being away from the sea apparently for so many years. It is evi¬ 
dent that at times of great floods the lake must connect with the 
ocean. 

This damming in of fresh water is a common occurrence along 
the coast but not always on such a large scale. Papary^ which is 
farther down the coast, is a river basin partly dammed in by dunes 
at its month and made into a lake. 

■ E Cl Sprks, “The Fishes cif the Stanford ExpedEdon to BniH/' p, 3, 
Slinford Universiiy, ASatth 17, 
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Th« gaming of iht duties over the river is most probably done 
in times of drought, for then they can fill the river^ cross it, and be 
carried into the valley. 


Economic Geologv. 

Building Stone. 

The crystalline series of rocks contains good building stones* 
such as granites- Far into the interior there are marbles, but they 
are rather inaccessible notv. Granite is now quarried at Macahyba 
by the method of cooling the rocks suddenly by throudng water on 
them after they have been heated by fire. On account of the 
scarcity of large limber and its rapid decomposition due to climatic 
conditions and the work of such insects as ants, building stone is an 
important factor* The ordinary houses are usually made of mud 
w^itli a re^forcement of slender limbs of shrubs and trees. 

Lime. 

The limestone series affords a means of making lime and cemenu 
It is quarried where it is found exposed at the surface, but could be 
obtained at many other places if sought for* The quarries contain 
bedefed rocks of varying economic value. Some of the beds are 
mostly siliceous, w^hile others are almost entirely composed of cal¬ 
cium carbonate. Three specimens w^ere dissolved in weak hydro¬ 
chloric acid and gave die following percentage of insoluble matter^ 
varying from 4 per cent to over 20 per cent* 


rdaLlh7. fcf of ] 

Jacoca * p ...*,. *.... las 

Itapasaroca **,**,.--.**.*«**,*******.x--.ao.t 


The limestone belt, occurring next to the granitic series, affords 
a means for obtaining cement to use in the same place in connection 
with the building stone. 

Cioy. 

The clay in the upper sandstone series is sometimes quite pure. 
It is the material of which tlie native huts are made. In some places 
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the purest clay is used for making pottery and bricks. Ornaments, 
household utensilsp such as vessels for holding water, are made at 
Santo Antonio and at Barreiros. These vessels are red-brown m 
color and rather easily broken. They appear to have been patterned 
after Indian styles, which may be a rcsnlt of the Indian blood in 
some of the people of this region. 

Soils and AgrictilUire. 

The distribution of plants in this region is very striking j they are 
dependent upon both soils and climate. Thus the rubber tree and 
other shrubs grow over the sandy plateau region. Farther into the 
interior the region is arid, almost a desert. Here the soil is of de¬ 
composed granites and other crystalline rocks, and cacti and desert 
shrubs are the principal plants. 

Bordering die great valleys^ in tlic old alluvial flats, the fdrB(ifiKi?a 
palm is the prominent tree, although tins region produces many other 
plants more or less intergrown. Occasionally forests of trees as 
high as twenty meters may be found in these old filled-in valleys^ as 
the forest between Monte Alegra and Desterro, 

The mangrove swamps are typical of the borders of die estuaries 
and Streams. Here deep black nuid is deposited. This alluvium is 
what makes the fertile soil 

Along the beach one might suppose that there was no vegetation, 
but on the shores of almost every little cove there i$ a grove of 
cocoanut palms and a little fishing village^ 

The valleys contain a great deal of sand, but are on the whole 
fertile. Tlie natives use the most primitive methods in farming. 
There rvas not a single plow seen about I^ataL The soil contains 
enough sand to keep itself fairly loose and the plants are simply 
stuck in the ground and left there. Bananas, sugar-cane, cotton, 
com, and various kinds of tropical fruits are raised. Occasionally 
coffee bushes are grown in the shade of other trees. Mandtos is 
raised in great abundance- Its root is made into farinha, the prin¬ 
cipal food of the common people. 

At Camahubinha there is a cotton'Seed oil factory. Also at this 
place salt is conceiUratcd from the sea water which flows up the 
Jundiahy at high tide. 
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IVdter-Suppiy. 

The abundant rains along the coast sink into the sand immedi- 
atelVj but on coming in contact with the claye)' beds of the sand¬ 
stone series below, they are not able to pass farther down, so they 
emerge at low places. These low places are often between sand- 
dunes. Thus along the sea-coast, natives draw water from holes dng 
m the sand and the water is soft and fresh. 



Fio. IJ. GeneriJ sectioa of thfl CQmt^ taiiEl-ilune** showing t&w this fresh¬ 
water springs ^axafr Rain sinks thlT^ulth th* san4-dt±iici and onerse* where 
iinper\'iauS beds nf Ehc ^^indstoDcs arc expased. 


On the opposite side of the river from Carnahubinha there is a 
place called A§ua Doce. Here excellent drinking water is obtained. 
The sand-dunes form an amphitheater around one side of the small 
depression* which is about fifty meters across. The water is bub¬ 
bling up all the time and carries away the sand as fast as it h blown 
into it. Fresh water occurs in a certain point in the river near this 
place, aldioiigh the river carries salt water from the sea. Heje 
it is said that a hole twenty-two meters deep is present, while th?* 
rest of the stream has only the depth of six meters/ Similar holes 
usually ocenr near the bank where a sand-dune is present. 

This form of spring supplies the small lakes of the plateau 
region with water the year around, as in the region north of Papary. 
Here, along the border of some of the lakes, such as Logoa Bom 
Fim, such springs were found feeding the lake directly. 

The rivers carry^ the water down from the interior. Often they 
are dammed at their mouths and form lakes. Tliese lakes are val- 
liable to the people, whose villages are dnstered about their sliores, 
as at Papary. 

Farther into the interior the lack of water is a serious matter. 
Sometimes great droughts drive the inhabitants from the country. 

^ Iiifomi^LiQn obtained from ^tr. J. D. StuSili at Camahublnha. 

rfiioc* PHtr. SQC., Lu. 2[i t, rmssTJED SEPT, i6, J913. 
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The occttrrence of granitic rocks does not afford the means of ob¬ 
taining underground water as in die region of the sedimentaries 
along the coast 

Effects of Climate, Etc. 

All the ocean currents and die winds constantly sweep up the 
coast tow'ards the north w'est. The water is w'aitn and the atmos¬ 
phere balmy. The greatest rains and the hottest weather occur dur¬ 
ing the months of Our winter. During our summer tlie rains are 
more scarce and the atoosphere cooler and drier. The region about 
Natal does not have Such heavy- rains as some of the other parts of 
Brazil such as those nearer the equator. In fact the countn’ about 
Natal is very healthful. 

Tlie direction of the tvinds and the ocean currents affects the 
coast line m that all the bars, spits, reefs, and promontories tend to 
point up the coast to the northw'eat. 

The stone reef at Natal affords the maintenance of a quiet 
harbor. 

Effect of a Sunken Coast. 

A sunken coast affords fine harbors. Cities occur at the points 
where arms of the sea extend up the river channels. Natal is a 
good example of such a city beside a harbor thus formed The 
tides which flow up and down these channels give to the people an 
easy method of Iraroportation. 


Effect of 

A constant annoyance to the people is the perpetual silting up of 
the channels and the shifting of sands and the formation of sand 
^rs in their harbors. These things change rapidly, being dependent 
largdy on the amount of rainfall, the flow of the rivers, and the in- 
tensity and direction of Iocs! currents. 

Mangroves help the silting process to a great degree, but still 

these swamps when drained finally make up the fertile lands of the 
country^ 


The depth of the silt in the river channels often causes dislurb- 

4 TT T'’*'" the mud and 

cannot find bed rock. 
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RIGTON ABOUT NATAL, BRAZIL. 

Summary. 

There are three principal series of rocks in the region about 
Natal: the partieobred sandstones and clays, exposed as sea-cliffs; 
the underlying fossiliferous beds of limestone; and die crjstallme 
rocks in wliidi are schists, gneisses, quartzites, shales, granites, etc. 
The sedimentaries form a belt along the coast about thirty kilo¬ 
meters Mi'ide, while the crystalline rocks make up the interior country. 
Besides these formatious the alluvial deposits in the valleys and the 
wind blown sands of the coast are important features of the geology 
of this region. 

The most important results from this work are as follows: 

1. The determination of an unconformitj’ between the parti¬ 
colored sandstone and clay series and tlie underlying limestones. 

2. The finding of fossils in the limestones. 

3. riie determination that the limestones were laid down as 
estuarine deposits, thus indicating a sunken coast at that time such 
as exists now. 

4. The proof that the coast has sunken recently, and the com¬ 
mercial effect that this condition has had upon the country in afford¬ 
ing fine harbors, and in making good agricultural land by the deposi¬ 
tion of silt in the rivers forming fertile valleys. 

5. The effect Avind blown sand has upon the country in damming 
streams and thus forming fresh-water lakes. 

6. The large supply of good water in the region of the sedimen¬ 
taries in comparison to the lack of water in the dry interior. 

IJwLAND UNI7£iE.SlTY, ^ 

C-ALtrOILMA. 
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EXFlAKATION PUATE XX. 

Ficl 1. C^r&ula (?) Ep. ind. iDiawing fram ^ mold. 

Fig. 2. Cardlum foar^JoiiMPPi RAlhbun. Composite drawing from sev¬ 
er^ wax molds. 

Fjo. xOp. CardiKM joareiansiPfi Rathbun. Showing ki^ide ol shelL 

Fig. 3. Osiw (?}* Drawing ot an impression of the shelL 

Fia 4r Ccrithimn (?) met Drawing froni a wax mold. 

Fig, S' (?)* Drawing from a wax mold. 

Fra 6. nfifakn-rti n. sp. Composite drawing from several 

wax molds. 

Fra 6a. Tnrritclla »atalensis n. sp. Showing inside cast of shell. 

Fi& f. Ttitrii^Ua {?) iac^qu^a jl sp. CompasHe drawing from several 
wax molds. 

Fig. ja, TurnffHa (?) tL sp, Showing inside cast of shdi 

Fia S, CeH^AiMPM (?) fninnimfe n. sp. Composlie drawing from sev¬ 
eral wax molds. 

Fic. Sg. CeriVftmin (?) fwiHpftertje n. sp. Showing inside cast of shelL 

Fic. p. NnfrVa ( ?). Outline of the impresaiem of the shdL 
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Pl>TE XV 



S>AKDatos^ Reef at Natal^ RitJ Ghat^de ba Kokte. 

Fic. A- IjdDki^^ Frotn the oSd ton alflug tb* reef, sTiowinff the stranded 
ticamer on the reef the far aide of the bir. 

Fici. E. Looking ixortben^t aJonii; the corsI finoiit dn Mendicidade^ 

ohcwiii^ the saine stone reef. 

FhetD^raptiH G. A. Waring, 1411. 
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Plate XVI 



Rtu GiiA?;DE Ew S'nsTK: Reefs, 

Figs, a ASU n. Looking nonh alofli; an Dr^rank reef oH the coast frcin 
Piringy* PhotoigTapli:^ % E- Leib, Ma^, Ipii. 

Fig. c. LooktoH alon^ ihc saTidstoni^ reef at Nalal toward the fort, showing 
eScHcd nttd falkn blocks. Photograph G. A. Waring, iqi i. 
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Plate XV\[ 



CftYSTALLE?«:£ ROCIC& ES|HD(5HII IS RaILWAt^ CuTS SEAh BaISA VF-BDE. Rio ^HANpE 

00 Nohte, 

Fio- A. Showing wi;athcriti^ of Ihc dike rocks m the third eilt northwest 
of Babta Vcrdcr 

Fins, b e. Granite-pclsna^'Hit* dikes in biotitc-ifhisia, second cut beyond 

anlxa Verde. Fig. c EhowS the Itvclling of the sarfacc by dccom-^itioil. 
Topogmphy is nei effected by these dikes and EchittSr 

Fhotographs by E. Lcibi [git# 
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Plate XVHl 



CiLYSTjiU-ist Roc Its OF THF, Iji TEJis OR, Rio GaA.ttfPE DQ Noite. 

F[C. A. Y-shap-cti pnematlEe dik^ jn liiotUt-’-schisls neat Baixi Ver^ie. Pho- 
Logtiiplt by E. C Staffs, myr iflii. 

Fio. &. Gninhtc serrotca on Stic gneissk plak, Rio Grande do Kcrte. Pho- 
toNmpIss by G. A. Waring, 1911 + 
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PL4tTE XIX 



FoBSTLiFEftows Limeetoses P5fE ICII.4IMETEIC WEST OF Itapasas&ca, Rio Gmnpi 

DO NOItTX. 

Ftc. JL Lookifia^ east. The heds dip cArtward about s'* Jnto the plaifk. 

Ftc. 1. Loohinj Welt, The beds ate ihtoWQ into waves beK, 

Pboiograph* by E. C. StarVi, ^lay^ ii>ii. 
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Plate XX 
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Plati XXI 



Ma^crw c SikTJjfCi ci7 Riv*b MoyTn?. 

Fiiifi. A $,*iu c. Mnn^fovc fo&ti IflW lid^, Tutoyi, Flioto^ 

graphs G. A. iqi i. 

Fig, h. Manifry^'e tdqEs at llic niquth of Ulo Pirangy, kio Gfatldc do Norte, 
Fhotogi^ipli hy E. LeSb, i^n. 
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GUATEMALA AND THE HIGHEST NATIVE AMERICAN 

CIVILIZATION. 


Bv EU^WORTH HUNTINGTON. 

{Rttti April tS, 

By common consent the most backw'ard [wrt of our continent is 
Central America. Among the republics of Central America Guate¬ 
mala is considered to hold the lowest place. In Guatemala it is uni¬ 
versally agreed that the province of Pcten is the wildest, most un¬ 
civilized and most uninhabitable part, Pcten, then, may be regarded 
as at the very bottom in the scale of American csviliiation. Its 
native inhabitants are either absolute savages, or semi-barbarians, 
densely ignorant and highly inefficient. Nevertheless in the past 
this region was the home of the highest civilization that ever de¬ 
veloped in any part of the western hemisphere, a civilization which 
was not transitor)’, but lasted hundreds of years. It seems to liave 
grown up where w’e find its traces, since now'here else do we dis¬ 
cover any premonitions of it. Here tlie ancient Mayas developed 
a unique system of architecture, w'hose earlier stages appear at 
Copan and the ruins of Pcten, while its latest and most ^owy, 
although decadent, expression is found in the wonderful ruins of 
Yucatan a few hundred miles farther north. In this same part of 
Guatemala the Mayas developed the art of sculpture to such a point 
that their statues, though crude in many w-ays, represent the features 
of the ancient populace so exactly that type after type among the 
modem population is easily recognized in the monuments. Here 
the Mayas attained such skill in the mechanic arts that great stones 
fifteen to thirty feet long, and weighing so to 8 d tons were trans¬ 
ported from quarries a mile or two away and set up in the midst of 
great court-yards or temple areas. The buildings themselves were 
elaborately planned and decorated with all manner of carefully 
carved designs. All this was done with no tools, so far as can be 
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ascertained, except obsidian or flint. A greater achievement than 
this, however, was tlie construction of a calendar mucli more accu¬ 
rate than any known even in Europe until the introduction of the 
Gregorian calendar which we now employ. The construction of 
such a calendar must have demanded carefully written records lor 
hundreds of years^ Tins brings us to the greatest of the achieve¬ 
ments of the Mayas. They had developed the art of writing in 
hieroglyphksj and apparently their type of hieroglyphics was higher 
than that of tlic Egyptians* for they seem to have been on the point 
of using specific symbols not to represent words but sounds^ a step 
which even the Chinese have not yet taken* 

From the point of view of the geographer, and perhaps of the 
historian also^ the most remarkable feature of the civilization 
of the Mayas is that it developed in almost the worst physical 
environment to be found in any part of America. It might have 
developed in the healthful plateau of Guatemala where cultivation 
of tlie soil is easy, and where tlic population to-day is dense and 
relatively efficient, but instead of tins it developed a hundred miles 
away in the fever slrickcn lowlands of Peten, where agricuhurc is 
extremely difficult and the population almost negligible. To-day 
for some unexplained reason ihe distribution of population and still 
more of culture in Guatemala is mtcrly different from what it was 
in the past. Perhaps nowhere else in the whole world have less tlian 
2,000 years produced so profound a change, not only in the state of 
civilisation as compared with other parts of the continent, but in the 
relative importance of different portions of the same small country 
no larger than the state of New York. The normal decay of races, 
the interplay of historic forces, the invasion of barbarians, the 
decadence due to luxiirj', vice and irreligion, the change of the 
center of world-power, or some of the other causes usually appealed 
to by historians may explain why the Maya civilization arose and 
why it fell. We may assume that it arose because it is the nature of 
a young and vigorous race to make progress, and that it fell because 
it is the nature of an old and exhausted civilization to decay. This, 
however, does not touch upon the problem which wc propose to 
discuss in this paper. To-day the most progressive and energetic 
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people of Guatemala, its densest population, its greatest towns, its 
center of wealth, learning and culture, so far as these tilings exist, 
are all located in the relatively open, healthful, easily accessible and 
easily tillable highlands; in the past these same things were located 
in the most inaccessible, unhealthful, and unt ill able lowlands. Why 
the change? 

Before we attempt to answer this question, it will he helpful 
to discuss the geographical provinces of Guatemala as diey exist 
tCHday. and a$ they were seen by the author during a recent visit, 
and to compare them with one another. From the point of view of 
present habitability Guatemala together witli Britisli Honduras, 
which is physically part of the same country, may be divided into 
three main belts dependent on vegetation,—(i) the Atlantic forest, 
(a) the central dry land, and {3) the Pacific forest. Each of 
these in turn may be divided into two parts. The plain of British 
Honduras in the north to a width of fifty miies, and the mountains 
of the soutliern part of tltat country' and of eastern Guatemala to a 
distance of perhaps thirty miles from the coast form the first division 
of the .Atlantic forest, Showers at all seasons either from the trade 
winds in our winter, or from the subequatorial area of low pressure 
in summer cause the land to be covered with a dense tropical forest, 
and to be infested with malignant types of malarial fevers. Only 
on the coast are there any real towns, and they exist chiefly by 
grace of the trade winds, which blow freshly from the ocean and 
drive away the mosquitoes. Strung along the heaeh under the 
cocoanut palms the tow wliitewashed houses of these towns make 
quite a show from the sea, but back of the first row there is often 
nothing but deadly sivamp and mosquitoes. In the interior a few 
little villages sit in clearings by the brink of the somber rivers, and 
wait in sun or rain for precious mahogany logs to be hauled or 
floated out of the interior. Save for this, almost no one except an 
occasional gatherer of gum inhabits the dense forests. If the toast 
towns and the mahogany cutters be excluded the wdiole region can¬ 
not boast a population of much more than one person to every ten 
square miles, while even if the towns and woodcutters be inchided, 
British Honduras with an area of 7,500 square miles has only 
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42,000 people, or less than 6 to the square mile. The forests and 
fevers now keep mankind away, and apparently much the same tvas 
true in the past, for we find here only a few widely scattered ruins. 

Inland from the coast strip tlierc lies another section of the 
Atlantic forest, occupying most of the almost unexplored and semi¬ 
independent Guatemalan province of Peten, and extending south 
past the ruins of Quirigita towards those of Copan. In the north 
this Peten strip consists of a plain from which rise a few low ridges 
running east and west, and having a height of a thousand feet more 
or less- In the south it becomes mountainous. The vegetation is 
almost as dense as that of the coast strip except that in Peten consider¬ 
able areas of grassy savanna prevail, thin pine forests grow in the 
sandy tracts know n as " pine ridges,” and on the weshvard edge and 
in other favoted spots, among which Flores on L. Peten is the chief, 
the forest breaks down into jungle. The savannas appear to be due 
either to an excess of water often held near the surface by clayey 
hardpan, or to sand. The pine ridges, w'hich are not ridges but 
merely sligiit sw'cllings in the plain, are due to accumulations of 
sand. Neither in the past nor at present does it ever appear to have 
been possible to cultivate cither the savanna or the pine ridges, but 
since the introduction of cattle by the Spaniards they have been 
utilized sontew’hat for pasturage. They possess not only the ad¬ 
vantage of being fit for cattle-raising, but of being relatively health¬ 
ful, and of being bordered by narrow strips of Jungle wherein 
primitive agriculture is possible. The Jungle regions on the im¬ 
mediate borders of the Peten strij^ contain a few villages, among 
which Copan is most worthy of mention. Aside from the limited 
areas of, savannas, pine ridges, and jungle, the country is coveted 
with forest, and is so feverish and so difficult to cultivate that its 
only inhabitants are mahogany cutters, gatherers of chidi gum, or 
raisers of bananas for export. All of these occupations, together 
with catlle-raising, are due entirely to the influence of modem 
European civilization, and had no place in the pre-Columbian period. 
The banana plantations have grown up within a few years and are 
practically all the work of the United Fruit Company, which employs 
four or five thousand people in the valley of the Motagua river. 
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Only some powerful stimulu&p like the demand of the United State? 
for fruitp could cause such plantations to arise. The strictest super¬ 
vision is necessary in order that the bushes may be cut every three 
months, for in a year the native vegetation grows ten feet or so, 
and if left to itself would soon dioke the banana plants. Still more 
unremitting vigilance is necessary' to keep both the white men and 
tlic natives in health. From the wages of every' employeep whether 
he receive fifty cents or fifty dollars per day, the Company takes two 
per cent, to pay for sanitaiy^ measures. Every plantation has its 
doctor and dispensary^ and natives and foreigners are continually 
dosed with quinine. Yet even so, at certain seasons of the year, a 
single train may carry a score of staggering fever patients, the 
present hospitals arc wholly inadequate^ and in 1913 the company 
was erecting a new hospital at a cost of $125,000. Silf. Victor M, 
Cutter, manager of the Guatemala division of the United Fruit 
Company, states that about ninety |>er cent* of the people in his dis¬ 
trict, both natives and whites, siifFer from malaria and its sequelae. 
In spite of all precautions about twenty per cent, have the fever in 
a serious form. 

In the entire Pelen strip of the Atlantic forest, from Copan on 
the south up tlirough Qtiirigua, the lake of Izobal and the province 
of Peten, it is probable that the total population does not exceed 
20.000 in an area of nearly 15,000 square miles. If the cattle- 
raisers^ mahogany cutlers, gum gatherers, and banana raisbrs be 
excludedr and if we include only the people who procure a living 
in ways possible before the comiryf of the white man, the population 
is reduced to probably less than ten per cent, of the figures given, or 
only one person for seven square miles. Of course these figures 
are a mere approximation; there is no such thing as a census, for 
much of the country is still unexplored, and the wild Indian tribes 
practically ignore the Guatemalan supremacy. For day after day, 
however, the traveler finds no inhabitantSj and place after place 
wliich appears on the map as a village proves to have only two or 
llircc liouses or to be merely an abandoned hut. Roads and even 
traib are almost non-existent, and in most places tlie machete must 
constantly be used to open up a pathway. ^Ir, Frank BlancenKiux, 
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who for six or revert years spent a brge part of Iris time in traveling 
through Peten in search of mahogany, probably knows that province 
as thoroughly as any one. He thinks that the population does not 
exceed to,ooo, and that at least 95 per cent of it consists of cattle 
raisers^ mahogany cutters and gum gatherers. Nowhere has he seen 
a village of more than a lint or two in the genuine forest, and no¬ 
where do people practice any real agriculture in the forest as opposed 
to the jungle. South of Peten^ along the line of the railroad from 
Puerto Barrios to Guatemala, for sixty miles from the Atlantic 
coast until one comes to the poor little village of Los Amates, there 
would not be a single inhabited place vccrc it not for the railway 
itself and the banana plantations of the United Fruit Company. Los 
mates lies on tlie edge of the forest wdicre it breaks down into 
big jungle. ' 

Whatever may be the exact figures as to jxipulation it is evident 
that heai^ rains, dense vegetation, and malignant fevers to-day render 
the Peten strip of the Atlantic forest almost uninhabitable. Yet in 
the past this was by no means the case. Practically all of the great 
llaya ruins outside of Yucatan lie in this strip or in its northern 
and northwestern continuation in the Mexican provinces of Chiapas, 
Tabasco and Campeche. Copan, one of the most remarkable of the 
ancient cities, lies on its edge, although not actually in it ; Quirigna 
lies Avithin it, although only a few* miles from the border; and Seibal, 
Ttkal, and a score of others as far as Paicnque In tlie north, lie well 
within its dense jungle and forests. These places were obviously 
towns of importance, such as grosy up in intetiorp agricultural dis¬ 
tricts far from important lines of communication only when there is 
a considerable population round about. How dense the former 
population may have been we cannot estimate, for the cQ%*er of 
vegetation is so thick that we have no idea of the exact number of 
ruins. It is scarcely an exaggeration^ however, to say that for every 
family now supported by ordinary agriculture, there was probably a 
village or hamlet, in the days of the Mayas, and for every modem 
village a city. 

Turning novr to the relatively dry' portion of Guaiemala, the 
second of our three divisions, vve find it divided into arid bush 
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eoviiUT^'t lying m low, isolated valleys or basins such as /^acapa, and 
highlands wdiere pine or temperate forests prevail. The hush coiintiy 
is unimportant, being of small area> In some places it is so hot and 
dry that cacti and mesquite hnshes make it look like the lowlands of 
Arizona. It is fairly well inhabited and moderately healthful. The 
people are in advance of the poor denizens of the forest zone but 
are miserably inefficient, idle, w’cak’Willed, and immoral. The real 
strength of Guatemala is in the highlands, where the vegetation takes 
on an aspect suggestive of the temperate zone. There, on the 
plateau amid pine-clad hills at an altitude of to 8,ooq feet, all 
the large towms are now located. The conditions of health, from 
a tropical point of view, are everywhere good. Tj-phus, dysentery 
and Ollier disorders, to be sure, often sweep the country; and faces 
pitted by smallpox are frequently seen. These diseases, however, 
although causmg a high death rate, are temporary, Tlieir ravages 
are as nothing compared with those of the deadly malarial fevers 
which in the lowland forests return season after season to blight and 
destroy the same places and the same people. From the coast up¬ 
ward, according to universal testimony, the health, energy, industry, 
and thrift of the native Guatemalans in general show an increase. 
It seems a curious reversal of svhal we are wont to call normal con¬ 
ditions, when one sees rich, fertile plains along the coast almost 
uninhabited, tlien finds the population fairly dense on steeply slop¬ 
ing, stony mountain sides at altitudes of three to five thousand feet, 
and finally on the hilly plateau at S,ooo feet sees little thatched 
houses clustering thickly everywhere, and every available bit of land 
almost as carefully and industriously cultivated as in China. Even 
more curious, perhaps, is the fact that here where the population is 
now so dense there are relatively few important ruins and none 
of the advanced type found in Peten, There is no reason to think 
that ntins which once existed have disappeared to any greater 
extent than has happened in Egypt, Syria, Greece, Rome, or any 
other country where a high civilisation in the past has been followed 
by a dense population at present, Moreover mins of a certain kind 
are found in considerable numbers, but they are insignificant and 
probably of late date compared with those of Peten. The carved 
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stones which one sees, for example* at Guarda Viejo near Guate¬ 
mala City are small, crudely executed^ and inartistic,, utterly different 
f rom the etean-cut, highly complex and truly artistic stelae of enorm¬ 
ous size at Quirigua* The plain, almost unadorned structures at 
Quiche, the greatest ruins on the plateau, bear to the highly de¬ 
veloped groups of buildings and monuments at Copan about the same 
relation tliat modern Guatemalan churches bear to St* Peter's at 
Rome. In the days of the Mayas the highlands may have been as 
densely populated as to-dayp although we have no positive proof 
of this* but instead of being the center of the life and activity of 
the country tliey were a provincial outpost. 

I'lie southwestern side of the high plateau of Guatemala is 
bordered by a line of splendid volcanoes at the foot of wdiicli towards 
the Pacific Ocean there lies a narrow plain. This plain, together 
wkli the lower slopes of the mountains, forms the third of our 
tliree divisions of Guatemala from the point of view of habitabilitv'. 
From a height of 4,000 feet down to about 500 the slopes of the 
mountains and the inner edge of the plain are covered wdth dense 
vegetation. At an altitude of approximately 2,000 to 3,000 feet, die 
vegetation attains the dignity of real tropical forest with mahogany 
trees* tree ferns and the like, while on either side it assumes the 
form of forest-like jungle merging gradually into pine forest toward 
the uplands and low^ jungle and bush toward the coast. All except 
the upper mountainous part of the region is malarial and unheakh- 
fu| I allhough not so bad as the Atlantic forest because the drainage 
is better. The strip of real forest would lo^Iay' be practicallv unin^ 
habited were it not that the demands of the modern civilized world 
have led to the cultivation of coffee, chiefly by German companies 
with Indian l^hor brought from the highlands. Low^er doivn* on 
the edge of the plain* there w'ould he a small population even without 
the impetus of coffee. A feiv little towns like Retalhuleu, Santa 
L.ucia^r and Escuintla date back many centuries. They are notori¬ 
ously unhealthful, how'ever; their inhabitants are universally pro¬ 
nounced inefficient and apathetic; and their population of from 2*000 
to lOjOOo people is only 10-20 per cent, as large as that of corre¬ 
sponding towns on the plateau. Yet, here, curiously enough* ive 
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again find abundant traces of an ancient race of relatively high 
cultnre. The mins are by no mearis equal to those of the Peten 
strip, and there appear to be few hieroglyphics. Nevertheless they 
belong to the same civilization although to a later stage subject to 
foreign, that is Kaliua, infliience. At places Hke Baul and Pania- 
leon great blocks of hard basalt have been found carved with scenes 
of sacrifice, or chiseled to represeni gigantic faces whose peculiar 
types of slit nostrilp high cheek, or projecting mouth can stiU be 
recognized in individual Indians. 

Tlie seaward portion of the Pacific belt needs little further com¬ 
ment. Beginning with jungle where the modem towns and ancient 
ruins come to an end, its shoreward portion is covered w ith dense, 
low bushes among which short bamboos are often conspicuous. 
Although dry and parched in the winter season, much of it becomes 
a vast swamp w'hen the rains swell the mountain streams and cause 
them to spread out over its flat expanses. Mosquitoes then abound 
causing fevers which are often of the “pernicious” type accom¬ 
panied by hemorrhages of blood producing immediate death. Pfac- 
ttcally the only inhabitants are a few cattle raisers, who are described 
as the loivest of the low. In the past, conditions were apparently 
no better, for we find no trace of ruins here* 

Before we consider the possible causes of the contrast betw^een 
the past and present, it will perhaps add to the clarit)" of our ideas 
If our six belts are arranged in tabular form. 

It is worth while to emphasize the strange contrast bet\vecn past 
and present. The belts immediately along the Atlantic and Pacific 
coasts may be left out of account, since in the past, just as at present^ 
they appear to have been too forested and too feverish for human 
occupation to any great extent. To-day the other four divisions 
stand in the following order so far as progress, achievement, and 
density of population are concerned; first the highlands, second the 
dry valleys, third the coffee belt* fourth the Peten strip. In the past 
the ruins tell a very different tale—the Peten strip stood first, then 
the coffee belt and the dry valleys, and last of all the highlands, the 
reverse of the present order. To-day, in Central America, the phys¬ 
ical conditions under which mankind tends most to increase in 
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numbers and tO progress in culture appear to he high altitude, good 
drainage, and a fairly long^ dry season. Altitude in itself, how- 
ever* does not appear to be essential p for the low diy^ plain of 
nortiieni Yucatan seems as well off as the highlands of Guatemala. 
Perhaps the exposure of that part of Yucatati to the ocean and to 
strong winds from the north produces the same effect as elevation. 
Opposed to these favorable conditions stand those which conspire 
to hold man back and keep him in a low stage of civilization. Omit¬ 
ting low altltudep which is important merely because of its e^^cct on 
other factors^ ^vc arc confronted by four chief conditionSp— 
the prevalence of fevers; second, the prevalence of great heat and 
moisture almost tvithout change from season to season; third* the 
difficulty of carryingon permanentp intensive agriculture and fourtlip 
the relative ease of getting a living in the jungle. 

Little by little the ivorld is learning that the most dangerous dis¬ 
eases are not necessarily ihose which show the highest death rale. 
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The plagues of the iliddle Ages loom large in history, but tliey did 
not do a tithe as much hami syphilis. Yellow and t>'phus fevers 
may decimate a population^ but they are far preferable to the slow, 
irresistible ravages of recurrent malarial fevers wiiidi rarely seem 
to kill, but merely undermine the constitution, leaving both mind and 
body inefficient. Tuberculosis^ in our own landj is so dreaded that 
we wage a crusade against it^ but its dangers are probably far less 
tlian those of the insidious colds wdtich year after year attack fully 
half of our northern populations, not killing them, not even doing 
more than spoil their work for a few days, and yet In the aggregate 
causing an incalculable amount of damage and giving an opening for 
a large part of our cases of consumption^ diphtheria, deafness* and 
many other afflictions. Just as we, in our huge folly, long neglected 
consumption and still largely neglect the even more insidious ordi¬ 
nary coldSt the man within the tropics often ignores malaria. 
Again and again I have talked with people who said there was no 
fever In the particular place where they lived or that they had not 
had fever, but before the next meal they took a dose of quinine, 
and that same night, perhaps* they reeled with a touch of fever or 
sldvercd with a chill. They ealkd it “ nothing,^^ but even quinine did 
not prevent them from being weakened by it. Fe^v foreigners, 
especially children, can live long in the lowdartds under ordinary 
conditions without being affected. 

As for the natives, it is often stated that they become immune 
to fevers, but here is wdiat Sir Ronald Ross* one of the chief 
authorities on the subject, has to say; 

" These di^ea^es do no affect only immigfrant Europeans, they are almost 
equally disastrous to the natives, and tend to keep down their tiunnbers to 
such a low figure tliat ihc sunivor^ can subsist only in a barhark stale. To 
heheve this one has to sec a vilEage in Afdra or India fq]| of inalaria, kaSa- 
aiar* or sleeping sickness* or a town under Ihc pestilence of cholera or plague. 
Nothing has been more carefntly studied of recent years than the exisleticc 
of malaTia amongst ind«genoui populations. It often affects everj' one of 
the ehtldren, probably kills a large propprtion of the newborn infant^, and 
renders the survivors i|] for yr^rs. Here in Europe nearly all our children 
suffer jrom certain diseases-nmeasles* scarlatina, and so on. But these 
maladiei are short acid stight compared wiUi the enduring inrcction of malaria. 
When I was studying malana tn Greece in 1906 I was slruck with the titipos- 
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sibiKity of conctiving that ih^ people who are now intenscb inflicted with 
malaria could be like Lhe ancient Greeks who did lo nnich for the world; and 
I therefore £Ugg;ested the hypotJie^ij that malaria could only have entered 
Greece at about tlie time of the g^reat Fer^ian wars—a hiT^Pthcsis which has 
bccit very carefully Studied by Mr. W, 11 . S. Jones, One can scarcely 
iina^nc that the physically fine race and the magnificent alhletes figured in 
Greek sculpture could ever have spent a malarious and spltno-megalous 
childhood. And conversely, it is difficult to imagine tliat tnany of the malari¬ 
ous nalivcK in the tropks will ever rise to any great height of dviUzatiou 
while that disease endures amongst t]iem. 1 am aware that Africa has pro¬ 
duced some magnificeitt races, such as those of the Zulus and the ^fasaip but 
I have heard that the countries inhabited by them are not nearly so disease- 
riddrrv as many of the larger tracts. At all events whatever may be the 
effect of a malarious childhood upon the physic^ue of adult lifcp its effects on 
the mental devetopmeni must ceriainly be very bad, while the disease always 
paralyses the material prosperity of the country where it exists in an 
intense form. 

" Consider uow' the effects of yellow' fever^ iJjat great disease of tropical 
America, The Liverpool School sent four investigators to study it* and all 
thc,';e four were attacked within a short time. One died, one w as extremely 
ill, and two sufTcred severely. The same thing tended to happen to all 
visitors in those countries. They were almost certain of being attacked by 
yellow fever, and the cbancet of death w^erc one to four. Tropical Auicrica 
w'as therefore scarcely a suitable place for a picnic party! But malaria and 
yellow' fever are only some of the more important tropical diseases. Perhaps 
the greatest enemy of all is dysentery, which in the old days massacred 
thousands of white nicn^ and miliions o£ natives tn India, Auscrica, and all hot 
countries, and rendered survivors ill £or years. Malaria has always been the 
hane of Africa and India; llie BLIhar^ia paTasitc of Egypt; and wre are 
acquainted with the ravages of kata-azar and sleeping sickness. Apart from 
these more general or fatal maladies, life tends to be rendered unhealthy by 
other parasites and by innumerable sttiail maladieSp such as dengue and sand¬ 
fly feverp hlarlasis, tropical skiti diseases and other maladies, * * * True, we 
have many maladies in Europe, but in order to compare the two 5C[5 of dis¬ 
eases we should compare tise dcaih-rates. VVhercas in England it is a long 
way below 20 per thousand per annum, throughout the tropics it is nearer 40 
per thousand. In India al DOE malaria kills over a million persons a yearp and 
dysentefy aud malaria kills many hundreds of thoiuands. 1 have seen places 
in which the ordinary' dcath-r.ate reniains at hetwren 50 and 60 per thousand; 
others w:hkh were so unhealthy that they were being deserted hy their 
inhabitants; and os hers, lastly, w'hich were simply iininhahitabk. What 
would people say if such a slate of thitigs were to exist in most villages in 
England, Scotland, and I reland P'l 

On the whole it seems safe to say that in tropical countries the 

1 Uniird Empir^^ Fehruaryp 1513, pp. 121-124- Sir Ronald RpsSp Medical 
Scieuec and the Tropics." 


igsjO 


HIGHEST NATIVE AMERICAN CIVILIZATION. 




density of population and tiie stage of culture depend to a large 
ejctem upon the amount and kind of fevers. Yet fevers are far 
from being the whole story. Few who have ever been in the 
torrid ^otie will deny that under prolonged and unvarying conditions 
of heat and dampness both physical and mental energy decline. 
One is tempted to sit dowTi idly and rest and enjoy the warm air. 
When it is time for a new piece of work one tends to hesitate 
and to be uncertain as to ju$t how to begin. Of course there are 
exceptions, and of course a long inheritance of activity in c™ler 
regions will for years largely overcome these tendencies. Neverthe¬ 
less of the scores of northerners, both American and Europeans^ 
w'hom I have questioned in the torrid zone there w'as scarcely one 
tvlio did not say that he worked less than at home. At firjt a con¬ 
siderable number said that they had as much energy- as at hoine, 
hut then they added that it was not necessary to w^ork so hard* and 
moreover that they did not feel like it. Much more striking w^as 
the absolute unanimitj^ with which they said that when they experi¬ 
enced a diangc of climate, especially if they went from lowdands 
to highlands^ or still more when they returned to the north, they at 
once felt an access of energy which lasted some time after their 
return. To a New Englander aceusteimed to look upon our southern 
states as having a wrarmj debilitating climate, it is interesting to 
hear people in Guatemala speak of being stimulated as soon as they 
feel the cool winter air of New Orleans. The natives of the torrid 
zone are of course so accustomed to the heat that they enjoy it and 
suffer from even a slight degree of cold, but the very' fact of being 
wonted to the heat seems to carry with it the necessity of working 
and thinking slowly. The universality wnth which this is recog¬ 
nized in Central America is significant Again and again, when one 
asks about labor conditions in specific places, one is told, “Oh yes, 
the people there are all right, but you know it's always hot down 
there and they don't work much/^ All this* I know, is perfectly 
familiar, hut it deserves emphasis because the great nuns are prac- 
tieatly all in the hot country where "they don't work much/" 

In addition to debilitating fevers and an enervating uniformity of 
warm, moist atmospheric conditions, tropical o>untries suffer from 

PHOC, A>IEa^ FHTL, 50C., Lll, an M. ntlXTEO sti-r, l6, 1^1^. 
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peculiar agriculltiral conditions. In the great forest such as that of 
Peteiip where rain falls at all seasons, the making of clearings is 
practically impossible. In the dense jungle, such as that at an eleva¬ 
tion of one to two thousand feet in Ehe Pacific coffee belt of Guate¬ 
mala, this is usually but not always possible. It depends on the 
length and character of the dry season in February, March, and 
April. Two or three weeks of steady sunshine are said to suffice 
to prepare the cut bushes and smaller branches of the trees for 
burning, but sometimes there is scarcely a rainless week during the 
w^hole year. This happened in 1913. People, who chanced to do 
their cutting early, burned their fields and \eere able to plant a com 
crop, but many cut too late and failed. It is easy to say that every¬ 
one ought to cut and burn early, but in the first place the lethargy 
of the torrid zone leads people to put things off till the last moment 
In the second place, if the land is burned over too early, weeds and 
bushes will sprout and grow to a height of a foot or two before 
It is time to plant the corn. Hence a second clearing will be neces¬ 
sary, and if a second burning is impossible the com will be at a 
disadvantage. 

This does not end the difficulties of agricuUnre in the dense 
jungle. Tlianks to the abundant vegetation and constant rains or 
to the hot sun w^hich causes rapid decomposition, or to some other 
luiknoivn cause, many important chemical ingredients arc quickly 
leached from the soil. Flence vvhile the first corn crop is usually very 
abundant, the second, if it follows immediately after the first, is poor, 
50 poor that it is scarcely worth raising. The regular custom is to 
cultivate a given tract one year, let the bushes grow four years, till 
they are perhaps fifteen or tivcuty feet htgh> and in the fifth year 
cut, burn, and plant again. Thus agriculture in the dense jungle 
is not only precarious, but it is forced to be extensive and super¬ 
ficial rather than intensive and careful. Therefore it does little to 
stimulate progress. In the drier regions, whether high or low, the 
soil is not so quickly exhausted, especially if the absence of roots or 
other conditions make St posstble to turn up neiv soil by ploughing 
or otherwise. The crops are by no means so abundant as in the 
wetter places, but the same land can t>e cultivated year after year 
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with only short periods of rest. The cultivator must work harder 
than in the wet places, but his success is less precarious, the efforts 
of one year have a direct bearing on succeeding years, and perma¬ 
nent induslTy in encouraged. 

Still another disadvantage of the low, wet regions needs to be 
briefiy discussed. It is hard for mankind to get a living under any 
circumstances in the genuine tropical forest, and he must work at 
least moderately for one In the dry^ parts of tropical lands. lu the 
big jungtep how ever, game is abundant, wild fruits ripen at almost all 
seasons, a few banana plants^ palm trees, and yams will almost 
support a family, and if a com crop is obtained at all, tlie return is 
large in proportion to the labor. Thus, so long as the population is 
not loo dense, life is easy and there is little stimulus to effort. Under 
such conditions the density of population is not likely to increase, 
for only by a revolutionary access of skill and industry would it lie 
p)ossible to change from the easy, hand to mouth life of the present 
to the intensive^ industrious life which would be necessary' in order 
to support a dense f>opulatioii. 

Tims far we have seen that the distribution of population in 
Guatemala to-day is unquestionably very^ different from what it 
was in the past. We have further seen that the physical conditions 
which make for density of population and increase of civilization 
are distributed in a peculiar fashion. They prevail in the higli- 
lands where there is no evidence that the civilbation of the past was 
any higher than that of the present; and do not prevail in tlie low¬ 
lands where there is the clearest and most abundant evidence of 
the prevalence for tnany centuries of a civilization far in advance of 
that of to-day. Moreover the ancient civilization did not come to 
tlie country full-fledged as did that of Spain in later times. It did 
not do its finest work at once and then decline as did that of the 
Spaniards after they had built their massive old churches. On the 
contrary it apparently arose where we find its ruins, and it endured 
for centuries before it decayed. The most fundamental fact is not 
the great change which has taken place in the character of the Maya 
race. Kor is it the fall of Maya civilization, whether from internal 
decay or external attack. It is merely the simple fact that the 
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highest fialjve American civilization grew up In one of the worst 
physical environments of the whole western hemisphere- Close at 
handp in the Guatemalan highlands on one side^ and in the dry strip 
of northern Yucatan on the other, far more favorable environ¬ 
ments were occupied ^by closely allied branches of the same raccj but 
the greatest civilization grew up in the densely forested, highly 
feverish, and almost untillabte lowdands of Pelen and eastern 
Guatemala. 

The explanation of tins peculiar state of affairs appears to lie 
in one or all of three things; first, the character of the Maya race; 
second^ the relative abundance and virulence of various diseases; 
and third, the nature of the climate and its effect on forests, dis- 
eases> and agriculture. It is possible to adopt the usual unexpressed 
assumption of historians and to suppose that the original Mayas 
were stronger and more virile than any other race Avhich has 
entered the torrid zone, and that because of some unexplained 
stimulus whose nature it is hard to surmise they flourished greatly 
for many centuries in a habitat in which modem races cau barely 
subsist. The theory that the ilayas were different from other races 
has a good deal to commend it. They certainly were a remarkable 
people. The only question is how remarkable- The nearest ana¬ 
logue to their achievements is found in the ruins of Indo-Chlnaj 
Javap and Ceylon. In none of these cases, however, was the degree 
of siKcess anything like so great as among the Mayas. The Asiatic 
races appear to have been like the Spaniards, invaders who did not 
develop a new civilization but brought their ideas with them from 
other places where we can still see remains of the parent culture. 
Moreover they did not rise to the height of inventing a mcthcKl 
of wr ill Jig, and, in Ijido-China and Java at least, they appear to have 
had the advantage of tools of iron. Nevertheless, when their history 
IS finally understood, wc shall perhaps find tliat their civilization 
and that of the Mayas arose under similar conditions because of 
similar causes. This, however^. 15 aside from tlie question. The 
important point is that no matter how capable we suppose the 
ancient Cingalese, Indo-Chinese, and Javanese to have been, the 
ancient Mayas were far more capable, for not only were the achieve- 
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of the ilaiyas greater than those of the others, but their 
opportunities were less. Hence, if we explain the rise of ^laya 
culture solely on the basis of racial character arc forced to 
assume !hat the ancient Mayas were not only almost immeasurably 
in advance of any race tliat now lives under a similar environment, 
but were far more competent than any other race that has ever 
lived permanently in any part of the torrid aone. Indeed in their 
achievcmenls in ox^ercoming an adverse environment, wc arc perhaps 
obliged to put them on a pinnacle above any other race that has 
ever lived. 

Without denying that the :Mayas were a remarkable people, kt 
us entertain the further hspothesis that in the days of their great¬ 
ness tropical fex*ers cither had not been introduced into America, 
or were by no means so virulent as now. This helps us greatly, for 
it relieves us of the necessity of assuming the Mayas to have pos¬ 
sessed a degree of resistance to fexers far in escss of anything 
know n to-day. There arc, how ex^er, grave objections to this hypoth¬ 
esis. In the first place it is a pure assumption entirely unsup¬ 
ported by any independent evidence. In the second place, tropical 
diseases are numerous, and even malarial fevers are of several 
kinds. We may readily suppose that one or two diseases may have 
been introduced into Central America bclw^cen the time of the ilaya 
civilization and the Spanish Conquest, but in the entire absence of 
any evidence it is a rather large assumption to suppose that many 
diseases were thus introduced and that they were able to work so 
great a revolution. Thirdly, this hypothesis does not explain why 
the advancement of civillzatioii w'cnt on so rapidly and for so long 
in spite of the enervating effects of almost unchanging heat and 
dampness. Nor does it explain why the Maya civilization reached 
the coast at only one or two spots. So far as topography is con¬ 
cerned there is nothing to prevent this on either coast. Much of 
the narrow Pacific plain could be cultivated with ease even though 
swamps do cover part of it, and on the Atlantic side the parts of 
the forest xvhore there are no ruins seem to be no worse than those 
where they exist. The native inhabitants of this region all appear 
to have been of Maya stock, even though they may not have be- 
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longed to the mo in brancli, Lndcr such circumstonees k hardl%' 
seems os if so progressive a civilization could have existed many 
centuries without extending its influence to the coast in British 
Honduras, unless there had been some preventive such as'fevcr. 

The assumption that in Central America tropical diseases were 
formerly less abundant or less baneful than now relieves us of tlic 
necessity of supposing that the llayas, remarkable as they were 
possessed a degree of immunity or resistance to disease far in 
excess of that of other races, but it does not relieve us of other 
difficulties. Moreover as it now stands it has the wealoiess of being 
a pure assumption with no assignable cause and no independent evi- 
denec. In order utlly to explain the location of so high a civiliza¬ 
tion in Peten rather than in the highlands of Guatemala it seems 
necessary to supplement our assumptions as to the character of the 
Mayas and as to the prevalence of disease by tlie further assumption 
of a change of climate. The sort of change which would accom¬ 
plish the required result would demand that at the height of Maya 
civilization climatic conditions should have been such that the forests 
of Peten would not be so dense as now, and hence that mosquitoes 
0 the anopheles family would not be so abundant. In other words 
it would demand conditions like those which prevail to-day two 
hundred and fifty to three hundred miles north of Guatemala in the 
northern part of the peninsula of Yucatan. There the climate ts 
to*day such that low jungle takes the place of dense forests. Mos¬ 
quitoes of the anopheles species are rare. Malaria is comparatively 
unimportant. Thanks to these conditions the country is one of the 
mo-st prosperous and progressive to be found anywhere within the 
tropics at sea-level. These favorable conditions are due to the 
fact that althou^ heavy equatorial rains fall in summer and make 
the country fruitful, there is a long dry season during the winter 
and spring. If such condilions were to spread two hundred or 
three hundred miles southward into Peten that region would greatlv 
chanp Its character. Agriculture would still be subject to some 
handicaps, biU would be nothing like so difficult and haphazard as 
at present. The areas of big junglg ^here life Is excessivelv easy 
so long as the populaiton is scanty, but where Intensive agriculture 
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is to-day difficult would be reduced. Debilitating malarial fevers 
would prevail but tittle under sudi conditions, and the fact that 
Peten is a lowland, fertile and easily accessible, would hiake it a 
natural center of civilization. In other words if we adopt a climatic 
hypothesis of the kind here outlined, it does not lead us to abandon 
otir other liypotheses as to the racial character of the Mayas, or as 
to the debilitating effects of disease. It simply supplies tbe ele¬ 
ments which the other hypotheses lack. 

Tile hypothesis of a change of eliinate in Guatemala by no means 
finds its only support in the considerations just set forth. On the 
contrary tyvo indepeudem lines of reasoning lead to the sanyc con¬ 
clusion. One of these is the esistence of alluvial terraces in close 
connection with the ruins of Copan, and the other is the logical 
result of the investigation of nuns, lakes, and deserts in Asia, and 
of similar phenomena together yvith the growth of trees in Xorth 
America. Both mast be dismissed briefly. During the Punit»eUy 
expedition sent out by tlie Carnegie Institution of Washington to 
Central Asia in 1903, Professor William M. Davis and the writer 
investigated a large number of alluvial terraces in mountain valleys 
from Persia eastward to Chinese Turkestan. From various lines 
of evidence set forth in the report* of that expedition they came to 
the conclusion that the terraces must be due to variations of climate. 
Otherwise they could scarcely occur with such a wide and regular 
distribution, and with such a minute adaptation to every valley no 
' matter yvhich yvay it sloped or hoiv large it might be. Further study 
in tlic drier parts of the United States and northern Mexico as well 
as in Greece and Turkey seems to confirm this idea. It has been 
found, funhemiore, that terraces of the same kiiul and apparently 
of the same climatic origin extend down into Southern Mexico and 
are well developed in the state of Oaxaca. In Guatemala the 
klotagua and other rivers are characterized by similar terraces ys-hich 
are described in full in the author's forthcoming volume on the 
'‘Gimalic Factor" to be published shortly by the Carnegie Institu¬ 
tion of Washington. It must suffice to say here that the famous 

^“Explorations in Turkeslan,” Vol. 1, 1905, Carnegfte Institvtioa of 
Washiiigton, Publication No. 26. 
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rums of Maya culture lie upon a terrace of exactly this sort, while 
below the ruins there lies another similar terrace formed since the 
ruins wei^ built This seems to indicate that since the foundation of 
Copan, probably early in the Christian era, there has been a double 
climatic change whereby die Copan River, after having filled up 
Its valley to the level of the upper terrace, was then impelled, first, to 
carry away materia] from the valley bottom, next to deposit new 
material, and again to carry it away. In other ivords the terraces 
s«m to afford independent evidence that since the building of 

Co^n the climate of Guatemala has been subject to distinct pul¬ 
sations. 

The other line of evidence is so complex that only the results can 
here he stated. From a prolonged study of ruins in dry places, 
roads ^d deserts which are now impassable, traces of springs where 
no springs now exist, elevated strands of enclosed salt lakes, and 
other lines of historic, archieological ard physiographic evidences 
the writer has been led to belie%'e that in central and western Asia, 
Greece, north Africa and perhaps elsewhere climatic pulsations 
have taken place during historic times, A study of similar lines of 
evidence m the United States under tlie auspices of the Carnegie 
rnstitmion in the }'ears I9it^i9ia led to a simibr conclusbu here. 
Finally still another independent line of research was adopted 
namely the measurement of the rate of growth of the giant sequoia 
trees of California which grow in a region where the tliickness of 
the rings depends largely upon the amount of rainfall. This led 
to the same conclusion, namely that pulsatory changes of climate 
have tak^ place to a marked degree during the past three thousand 
)ears. The nature of the change has been inferred from various 
sources, especially from a comparative study of the meteorological 
records during years when the trees of California grew rapidly or 
slowly during the last half century. From this it appears that moist 
periods in regions like Persia, Greece or Arizona are probably due 
to the fact that the cyclonic storms of winter not only move far- 
t ler south than usual and hence are uneonimonly frequent in those 
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Farther south m the torrid zone, however, the effect would appea.r 
to be the exact opposite. That is> if the belt of cvclonic storms is 
pushed equatorward in winter it would seem to mean that the belt 
of sub-tropical high pressure and drouglit whence the trade winds 
take their rise is also pushed cquatorward. Thus during the winter 
the dr>' conditions of the semi-arid or desert belt which encircles 
the earth at about latitude 25® to 30° would be pushed farther toward 
the equator. The result of this would seem to be to force the trade 
winds so far south during winter that they would not have their 
present effect in causing rainfall throughout practically the whole 
winter in Peten. On the contrary, there would be a dry season of 
several months duration such as now prevails in Yucatan and in the 
Guatemalan Highlands, This would prevent the growtli of forests 
and cause them to be replaced by jungle or bush. Here again, then, 
a third line of evidence appears to point to a pulsator>' climatic 
change which would produce results in accordance with our first 
assumption. 

Here we must let the matter rest. The theory of changes of 
climate involves so many historic and economic consequences that 
it demands most careful consideration. Perhaps it is possible to 
explain the peculiar location of the ancient Maya civilization on 
some other hypothesis, but thus far no other seems to be supported 
by 50 much independent evidence. The acceptance of the cllmadc 
theory does not oblige us to change our ideas as to the remarkable' 
character of the Mayas, or as to the causes of the development of 
civilization. It merely provides conditions under which it becomes 
probable rather than merely possible that a race might have devel¬ 
oped. In other words it removes the great difficulties of agricul¬ 
ture. It provides a habitat which to a certain extent would be 
more free than at present from the debilitating influences of heat 
and moisture; and it does away with the conditions that now cause 
such terrible fevers. In all these ways, then, while it does not con¬ 
flict with accepted ideas as to the historic development of civiliza¬ 
tion, it removes some of the difficulties in the way of accepting 
those ideas. 
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THE CORRELATION OF STRUCTURE AND FUNCTION 
IN THE DEVELOPilENT OF THE NERVOUS SYSTEM. 

By STEWART BATON, M.D. 

{Read April /p/j.) 

Catch phrases sometimes creep into scientific literature where 
their presence may be as insidiously suggestive of the possession of 
imaginary stores of knoivledge as they are wlien employed in the 
description of current events. W'^e have for example become so 
accustomed to affirming the history of the individual reproduces in 
miniature the histor)' of the race that we are often in danger of 
assuming a greater degree of familiarity with the details of onto¬ 
genesis than is warranted by a eareful survey of tlie facts. Otir 
knowledge of the primitive reactions of the higher organisms in 
relation to synchronous structural conditions is still so meagre tliat 
it has scarcely risen above the stage of conjecture and cannot be 
presented in the form of organized experience* Although it is not 
necessary to actually cjnestion the validity of a very useful hypothesis* 
based upon the similarity of the more striking features in ontogeny 
that are paralleled by tlie chief events of p]i}'logenettic development, 
there is nevertheless aderjuate reason for emphasizing the necessity 
not only for more careful study of the correlation of events in the 
structural and functional growth of the higher organisms* as funda¬ 
mental to a more comprehensive understanding of the nature of 
nervous reactipnsp but also as a method of determining the factors 
of individual behavior* 

Efforts have already been made by a few investigators to tiy- and 
study the relationships existing between the structural conditions ' 
existing at certain epochs* and the character of the synchronous 
respotiscs of the embryo. The observations of Winlrcbertp prob- 
ably ainong ihc first to be recorded in the discussion of these special 
probletns, were tiot by any means as extensive or as tarefully planned 
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as tile work carried on by Coghill, svbich will unquestionably form 
a basis for future studies of importance,^ Some of the results of 
my own observations along these lines liave been referred to in three 
papers.* 

Ttefore attempting to continne the description of tlie details of 
my own investigations I wish to call attention to the variety as w'ell 
as importance of the problems awaiting solution in this special field 
of enquiry. Many problems of phylogeny naturally suggest the 
consideration of questions relating to the correlation of structure 
and function. We find a parallel for the succession of events in 
racial development in the ontogenetic sequence or the life-history 
of the individual, in which are revcalecl a chain of phenomena much 
better adapted for detailed study than those occurring in the former 
and, what is of still greater importance, is that the latter are to a 
certain extent under the control of the investigator. The compara¬ 
tive rapidity with wliich individuals pass through the various stages 
in development is also a factor facilitating enqiiirv. 

What is particularly needed at present is a careful systematic 
study of tile initial re.sponscs in the lives of embryos, representing 
several different species of animals, and a record of these phenomena 
which is sufficiently detailed to indicate the relationship existing 
betw een the physiological events and the changes taking place within 
the nervous system. Unfortunately investigators have long been 
hampered by the compelling desire to attempt to solve the problems 
relating to the complex nervous system of the adult before consider¬ 
ing the simpler correlations possible in the early life of the embryo. 

Among tile primitive adjustments of all organisms those for 
temperature variations naturally play a very important role, and 
this is only wliat miglu be inferred when we reflect upon the fact 
that tile responses of living beings to heat and cold are fundamental 
properties of all living matter. The reactions recurring in response 
to thermic stimuli, before the development of the nervous system, 
present some interesting features. It has long been known that 

^ /. Comfy. Neurol., VoL iqdql 

a MitUieii a. rf. Xttolog. Smiirn, 2, Kcapel, iS Rd., a-3 Hft,, igo?; /. Comp 
Neurot., V0I. 21. No, 4. August, 1911: J. ZooL. Vo!, n. No 4. 
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living embryos wlitn placed in various solutions respond with great 
rapidity to even relatively slight temperature changes occurring in. 
the surrounding media. In the case of the pulsation of the heart 
many investigators, among ivhom are Snyder, Carlson, v. Tschermak, 
and others, determined the temperature coefficient in connection wdth 
the activity of this organ. As far as I have been able to determine 
the extreme sensitiveness of the heart as regards rises in tempera¬ 
ture seems to be somewhat greater, or at least the responses are 
quicker, at a period when the development of the nervous system 
is well advanced than at earlier stages in the life of the einbr>o; and 
I believe the same law^ holds true with regard to other reactions of 
the organism. These faet$ alford an interesting confirmation of the 
results of observations made by A, G, Mayer with a vietv to deter¬ 
mining the relative importance of the nen'ous system in the medusa. 
Mayer has sho^m that there i$ greater sensitivity for heat when the 
muscles remain in contact with the sense-organs than wiien the con¬ 
nections are severerL The general character of the responses of the 
embryo in regard to heat* prior to or subsequent to the development 
of the nervous system, are in a measure comparable to the variations 
of adjustment of jcllyfisli for similar stimuli ivhen muscles are either 
deprived of coimection with or allow'ed to remain in contact with 
sense organs. In the vertebrate embrj'o as well as in the medusa the 
extreme delicacy of response is dependent upon the presence of 
nerve-elements, and when these have not developed or have been 
eliminated by experiment the capacity of adaptation of the organism 
is correspondingly lowered- 

The technique used in die experiments is the same in all cases. 
The chief precaution necessary is to avoid as far as possible sub¬ 
jecting tlie embryos to changes in temperature and all rough hand¬ 
ling; so that the results may not be complicated by tlie introduction 
of too many different stimuli. 

\\ hen the eggs are taken out of the incubator they arc opened as 
quickly as possible^ just inside the door of the wann box w'hich 
covers the mtcroscope^ and the embryos are detached from the egg 
and lifted by means of a horn spoon into the dish containing the 
solution (NaCl 0,9 —CaCl^ 0,02—KCI 0.02 —NaHCo, 0.02 — 
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glucose I per cent.j bouillon lo per cent.). After a little practice tbe 
operation of removing the embr^^o from the egg and placing it in the 
dish, without either delay or unnecessary shock* may be easily per¬ 
formed. It is obvious that stiitinli of a purely mechanical nature np 
to a certain degree of intensity seem to be less injurious than those 
caused by variations in temperature. 

The effect of rapid clianges in position upon the action of the 
heart during tlie period represented by embryos of from I 3 ^l 6 
somites is almost a negligibie <juautJty, Embry^^^ that were whisked 
rapidly about in a dish by means of a earners hair brush showed no 
disturbance of cardiac activity ; provided of course that the tempera¬ 
ture of the solution in which they were placed remained constant. 

Tlie primitive responses of these organisms shoiv certain inter¬ 
esting features when elicited in response to various chemical sub¬ 
stances used as irritants* In this connection the action of a number 
of different substances was observed, while that of two was studied 
in detaib The subsEances selected for more detailed investigation 
were strychnia sulphate, an important inorganic nerve stimulant* and 
tliyroid extract, representing organic substances toxk for nervous 
tissues. After it became possible to eliminate the error attributable 
to such slight differences in temperature as are apt to occur during 
manipulation it was found that these two dissimilar substances were 
strikingly alike in their physiological action upon the heart* if used 
at a time prior to the development of the nervous system. Even 
when employed in miiinte ciuantities the characteristic accelerating 
action upon the heart was not observed. As wiW be noticed in 
studying the records in the case in which the smallest doses w^ere 
administered the rale of the cardiac pulsations w^as not disturbed for 
some time and only after the elapse of from one to two hours did tbe 
action of the heart begin to show symiptoms of sagging* In all cases 
an accelerating action seemed to be entirely absent. 

Probably the most intimate correlation which we have yet been 
able to establish is in connection with the development of the 
peripheral nervous system. In tbe case of such substances as cocaine 
and eneaine we have already shown (op^ cif,) that there h no inhibi¬ 
tory and reversible action in selachian embryos following ordinary 
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doses of these drugs until the peripheral ner^-ous system is devebped. 
We find the action of thyroid extract as well as sincbnine is modi¬ 
fied to some extent by the development of tlie sympathetic nervous 
system; an occurrence taking place about the fourth day. We are 
not yet prepared to state exactly what tliecharacterof this mechanism 
IS, although for the present we may consider it highly probable that 
the increased activity of the heart brought about by moderate doses 
of tile two substances mentioned is the result of the funclional activ¬ 
ity of the sympathetic system. The symptoms of irregularity in the 
heart’s activities which develop after a certain period deserve con¬ 
sideration and shoiv a remarkable degree of similarity for both 
strychnia, thyroid extract and magnesium chloride. As will be 
noticed m chick no, 3 the rapidity of tile heart decreased after the 
embryo was placed m a solution containing thyroid extract. Sud¬ 
denly, and this seemed to he the cliaracteristic effect of all the 
substances used—the organ stops pulsating, remaining motionless 
for a period varying as a rule, from ten to thirty seconds, or even 
two mmutes. Then it suddenly begins to pulsate again, the rhythm 
gradually increasing in strength and rapidity until a point of maxi- 
mu in inlensitj is readied and then after one-half or one minute tile 
cycle ends again. The abrupt manner in wdiich tlie pulsations cease 
and the subsequent incidence of the beats, often after prolonged 
intervals of rest, arc strikingly similar to the phenomena taking place 
when an embryo has been poisoned by an excess of magnesium 
ciToridc, In these early stages of tlcvelopmcnl it is extremely inter¬ 
esting to compare the action upon the heart of three substances, 
possessing chemical qualities as different as tJiyroid extract, mag¬ 
nesium chloride and stty-chnine sulphate. The characteristic primary 
toxic effects as shown in the adult by the rapid rhythm of the heart 
do not appear until the periorl when the nervous system has attained 
a relatively high degree of differentiation. 

V* substances already mentioned, solutions of 

NaOll (i: goo) and CH.OOH (1:500.,: ,,000) were employed. 

. o positive results, except a gradual slowing of the heart, were noted 

mil iton action upon the h<?art: the stronger -solutions 
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rapidlVi and tlie weaker ones slowly but surely blocking Uie rb^Tbni. 
Solutions of adrenalifie (i :4k™o) quinine {i la^ooo) produced 
symptoms stmilar to those following the use of thyroid {i: 10,000)* 
Some of die details of the experiment are given in the following 
records: 
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The special instances which we have cited are a few taken from 3 
long list of experments and the results as given may be considered 
to be characteristic of all tile cases observed. It is quite unneees- / 

sary to repeat in detail the experiments in which strychnia snlpliate * 
was used as the results for solutions varying in strength from / 

1:5,000 to 1:10,000 practically corresponded with the records for / 
thyroid extract. / 

An extremely interesting field of work lies in the direction of 
determining with more exactitude than lias yet been done the varying 
degrees of responsiveness of the organism to these toxic agents at 
different periods in the early development of the embry-o. An ex¬ 
ceedingly complicated problem but one of great importance would be 
the determination, if possible, of the change in the sjmiptoms as the 
embryo develops and the probable progressive increase in the perme- 
abihtj* of the cells for the different solutions. This question must 
iK solved before we can appreciate the character of the changes in 
the Tractions taking place within the organism when the control of 
functions js taken over by the nervous systenii 
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further consideil^tions ok the origin of the 

HIMALAYA MOUNTAINS AND THE PLATEAU 
OF TIBET. 

(FLATES SXIIt—JtSXlIl ASD NKTU bit AMD XJtXI blT,} 

By T. J. J. see, 

{Rmd Apri! tS, 1913) 

I. Inthoductobv Remarks. 

Thfi four memoirs dealing with the cause of eartlu^uakes, motin- 
taiti fcutiidrtion and kindred phenomena connected with the physics 
of the earth, which the writer had the honor to communicate to 
this Society in the years 1906-08, and have published m the Pro- 
cetdinffs, have laid the foundations of a new theory of the physics of 
the earth's crust. The new theory already is widely adopted by the 
most eminent investigators, and the purpose of the present paper is 
merely to add a final confirmation of some interest. 

During the past five years the writer’s attention has been so 
fully occupied with the problems of cosmogony that the problems 
relating to geogony, or the formation of the earth, have been left 
largely in abeyance; and yet some new light has been shed on them, 
especially by the researches showing that the lunar craters are due 
to impact, and thus in no w'ay similar to terrestrial volcanoes, as was 
SO long believed. 

Quite recently it was thought worth while to reexamine the 
phenomena of the earth’s crust, in the light of the new science of 
cosmogony, resulting from the researches of the past five years. 
For in studying the problem of the origin of the Himalayas and the 
plateau of Tibet some important considerations were brouglit out 
that w'cre not included in my former papers, and thus it seems 
advisable to place them on record as confirming and extending my 
former investigations, 

?*«. AMEA. FHtt,SOC.. UJ. 4II N, ntlNtSU SEFT. 17. I9I3. 
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Moreover, the subject of the origin of ibe Himalayas is attract¬ 
ing attention abroad. Apparently ^vilhoiit knowledge of niy work* 
Colonel Sidney G. Burrard, K.E., F.R.S., surveyor-general of India, 
has been devoting considerable attention to the subject in Pro¬ 
fessional Paper No. 12, Survey of India/" a summary of which is 
given in The Obscri^tory for Xovemberp 1912, p. 413 j 

" It may be remembered that several years ago Col. Burrard showed that 
there appear^, to lie a subterranean mass of great density lying across Indi^ in 
mean latitude 23 ^ KortL He now shows that the observation; indicate the 
existence of a line of low' density betw'ccn this subterranean mass and the 
Himalayas, and suggests ihal there was* or ts, one tong track in ihe eartVa 
subcnist estendiTiff from Sumatra round the Arrakan eotst across northern 
India, through the Persian Gulf to the Mediterranean* traces of which arc 
seen in the parallel shores of the Gulf o£ Oman and the Persian Gulf. The 
crack has btcii filled with aJIuvial dcFHPsit across Northern India and In other 
places, but the Himalayas remain as the result of the rift in the earth* a 
great mass of matter having been pushed northward. It haa been supposed 
by others that the Himalayan range was formed b>' the southward adva.nec 
of the northern part of the Asiatic continent on lo the Indo-African table¬ 
land.” 

The idea here developed by Colonel Burrardp inducing especially 
the light material under norihcrn India» and the pushing of the 

Himalayas north ward ^ is so very similar to tha-t developed in my 

memoirs that it must be regarded as an independent confirmation of 
the theory that the mountains are formed by the sea. And as this 

conclusion applies to the greatest and most intricate range in the 

world, the external relations of which are not entirely simple, I 
deem ii worthy of attention. 

Finally, it may be noted that much interest has been awakened 
in this subject in England and other countries of Europe. The 
new theory already is widely taught in the schools of Great Britain 
and llie continent; and in his new ^vork " The Growlli of a Planet" 
{The Macilillan Co., New York, 1911), the Ij^ndon geophysicist 
Mr. Edwin Sharpe Greiv, concedes that the author $ reason¬ 

ing on the Aleutian Islands is unans^verable, and finally says : 

* Since this paper was written Colonel Burrard informs me that to his 
regret he had not seen the paper; of 1906^* and seems to regard the new 
theory as quite well established. 
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“ Dr* Sec has arranged hj« fads with great ingenuity, and the prescnta- 
tEon of his cast is iht most powerful argumcfit which has ever been ad¬ 
vanced in favor of the view held since ihe days of Strabo* Arisiolle or 
Pliny^ that the ejcpansive force of steam is the prime cause of volcanic and 
seismic disturbances" 

In view of this general interest a few additional considerations 
on the origin of the Himalayas may be important. For after care¬ 
ful reflection I regard the Himalayas as the crucial test; and as the 
theory is triumphaiitly verified by a more complete study of this 
great range, it must hereafter be regarded as firrnly and permanently 
established. 

2 . The Volumes of the Plateaus of the Rocky ^Iotr2?TAiNs, 
OF THE Andes, and of the Himalayas. 

In the four memoirs included in the Proci^edings of this Society 
for 1906-08, the new theory of mountain formation h treated with 
considerable detail, but some numerical relations between the 
plateaus above mentioned are w'orthy of more attention than they 
have yet received. 

Tlie Pacific plateau of North America is of variable width, being 
less than 500 miles wdde in Mexico, and perhaps 600 miles wide in 
Canada, but from i/xx> to 1,500 miles wide in the United States* 
Perhaps 750 miles wude would be a good average estimate of the 
whole plateau. And the height may be taken as approximately 
5,000 feet, or a mile above the sea. These average figures will 
satisfactorily represent the Pacific plateau in North America. It is 
noticed also in many places that where the plateau is broadest it is of 
less average height; but where it Is narrower the heiglit is somewhat 
increased. 

In the Andes the same principles prevaih The plateau is highest 
in the region of Lake Titicaca, where the elevation is over [2^600 
feet, or ^.5 miles. The width here does not exceed 300 miles. 
Further north, near Quito, it narrotvs up, and is not over half this 
width; but in Colombia it again spreads out to a width of 300 or 
400 miles, but is Only about 6,000 or Sgooo feet in height, scarcely 
more than half that along the more southern portion of the Andes. 
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It IS noticeable that the height decreases from 12^600 feet near 
Lake Titicaca, to iijooo feet in central Peru, and perhaps lO,ocxi 
feet ac Quito; while south of Titicaca the height does not decrease 
appreciably till central Giile is reached, after which it falls steadily 
till the continent sinks beneath the sea at Cape Horn, 

Now it is remarkable that if we take a typical section of the 
highest and broadest part of the Andean plateau, 2 5 miles high by 
300 miles wide, ihe numerical product of width by height in miles 
is 750- And the Rocky ^Mountain plateau, i mile high and 750 miles 
wide, gives the Same product, 750 square miles. 

To be sure this product can be varied considerably by taking 
different sections of tlte plateaus of North and South America, but 
all in all this average estimate appears to be a fair one. For in the 
article ''Andes/' in the encyclopedia Britannica, gth edition. Sir 
Archibald Geikie estimates the bulk of the Andes as of the average 
width of 100 miles, and height of r3.ooo feet. The present estimate 
gives greater width but somewhat less height. 

On the whole, I am inclined to think that the average sectional 
volume of the Andes is somewhat less than that in the Rocky Moun¬ 
tain plateau; for between Colorado and the Pacific coast the width 
is about 1,500 miles, and the average height about a mile* The 
plateau is much narrower in Canada, and very much narrower in 
Mexicot practically disappearing entirely in Central America and 
Paiiatna. Thus at one point in the United States the sectional con¬ 
tents may be twice that in the Andes; yet the average sectional 
volume for the Pacific plateau of North America Is not much 
greater than tlie larger sectional volumes for the plateau of the 
Andes. 

The significance of this equality in the volumes of the two 
plateaus lies in the fact that both are the prcKluct of the common 
Pacific Ocean, one in the northern, the other in the southern con¬ 
tinent. The new theory does not require that the volumes should 
be exactly equal, hut it implies that they should he comparable, and 
such is the fact in a very striking degree. 

Let us now consider the plateau of Tibet, in comparison with 
that of the Andes. The height of western Tibet is about 15,000 
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feet, while eastern Tibet has an elevation of only ii,oco feet. The 
breadth also varies from some 200 miles On the West to 500 miles 
at the eastern extremity (General Strachey, article " Himalayast'" 
Encyclopedia Eritannicaj 9tli edition), 

Accordingly, if we take the wider part of western Tibet as 
having a sectional height of 3 miles and a breadth of 250 miles^ 
the product in miles is 750, exactly the same as in the Andes and the 
Rocky Mountains, Further east in Tibet the width may be 500 
miles, and the height about 2 miles, which gives a sectional prodnet 
of 1,000. This is larger than the average Andean product adopted 
above, and more like that of the Rocky Mountain plateau west of 
Colorado. 

But the circumstance that the sectional volumes of three great 
plateaus in the three leading continents of the globe should all be 
so nearly equal U fully as impressive a fact as the related fact that 
all of these plateaus should overlook the same great ocean by which 
they w^ere elevated. 

Altogether the similarity in the volumes of sections of these 
three greatest plateaus is so striking as to make it difficult to deny 
that it constitutes practically a mathematical demonstration that 
these plateaus were uplifted by the Pacific Ocean. The relation¬ 
ships here brought out as to the volumes of these plateaus, in addi¬ 
tion to the situations about the Pacific Ocean could not well be 
accounted for by chance, even if we did not know the cause of 
mountain formation. But as the cause of mountain formation is 
fully understood, the cause which has huilt the plateaus is also 
clearly show’^n. and it is impossible to consider any other explanation 
than that here outlined. 

3, GKXF-ftAL LaW^ that WHERE A CONTINUOt-iS PlAT£.\U INCREASES 
IS Width, it Decreases is Fxevation. 

This law douhtiess results from the process of uplifting by 
iivhich the mountains and plateaus have been raised above the sea. 
For example, in case of the continuous plateau erowmed with moun¬ 
tain crests which surrounds the Pacific Ocean from Cape Horn to 
Alaska, and then extends dowm the southeastern shores of Asia, 
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runs westward through Indi^, and down the cast shore ot Africa 
to the Cape of Good Kope^ it Is observed in each of the lour con¬ 
tinents traversed that where the plateau Is highest it usually narrows 
in Width, and vice Virrsa. 

Thus we have seen tiiat the plateau of the Andes is high in 
Chile, Bolivia, Peru and Ecuador, faiu in Colombia falls id about 
half its former level, and Expands to about double width. This 
expansion of tlie width of the plateau in Colombia is characteristic 
of plateau formation in general. There are slight exceptions to the 
rule, but the conformity to It is much more noticeableH For 
example, at Titicaca the width is about ^50 miles, but some distance 
north of this region the Andean Plateau seems to narrow tip till the 
width scarcely exceeds 150 miles^ in Ecuador; but it then spreads 
dut again as tlie range enters Colombia. 

It is not easy to explain this narrowing of the range, unless the 
great width and great Jieight at Titicaca arc due to the indentation 
of the coast at this point, giving uplifting forces from both direc¬ 
tions, at the same time. This explanation seems to be w^ell founded, 
and is confirmed by the corresponding effect north of central India» 
where the plateau of Tibet reaches its maximum elevation. 

Accordingly, we probably should conclude that the %vidth of the 
Andean plateau is normall}^ less than at Lake Titicaca, and that the 
wddth there is due to a combination of forces from the two lines of 
coast, moeiing at an angle of about 135®. It Is therefore a fact in 
South America that wherev'er the plateau is widest, it decreases in 
elevation, as in Colombia. 

In this problem of uplift, however, something depends on the 
depth and width of the adjacent ekvaling ocean^ and thus a certain 
amount of variety should result Since the adjacent sea is not of 
uniform eifectiveness, we should expect minor deviations from the 
law; hut obviously they should not be too pronounced. 

In Koith America, tlie same general law holds true. Wherever 
the plateau is narrow, as in central IMexico, the elevation is great; 
hut where it is wide, the elevation generally is lower. There are of 
course some exceptions to the rule, hut it generally holds true. 

For exampie, along the Rocky Mountain range the highest part 
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of the pbteau probably is in Colorado^ where the whole Pacific 
plateau is widest; but this only indicates that the forces which raised 
stich hig;h mountains as Pikers Peak also raised a liigh plateau in 
the general region^ independent of the width of the plateau after- 
wards elevated from the sea. And so on generally. 

The rule that the plateau decreases in height when it increases in 
widths must be understood to apply fo a region of not loo great 
w idth. For when the widrh is very great, we have rather a series of 
plateaus added tc^ether side by side than a single one; and the haal 
result is a composite effect, one plafeaii sicihn fitting onto another, 
and the whole series of sections running together as an unbroken 
embankment of va liable height. 

In view of these considerations, a plateau so wide as that beLweeti 
Colorado and California is really a series of plateaus, each of 
unusual width at this point, and the whole effect therefore a very 
broad compound plateau. The entire Pacific Plateau is the cumula¬ 
tive work of the ocean, done in successive sections; and as the ocean 
is deepest opposite California, the uplift naturally has been greatest 
in this part, which also developed the Sierra Nevada Mountains^ 
and at a still earlier stage the Wasatch range in Utah, 

The history of the building of the Pacific plateau from Colorado 
to CaUfornia is too long to be described here^ but these hints on 
the method by which it was elevated give some idea of the growth 
of the continent westward from the ancient border which was east 
of the present Rocky Mountain range, 

4, The Cause or the: Great Height of the Plateaus of 
Western Tibet ano Titicaca. 

Since writing the mernoirs of 1906-08, I have bad occasion to 
reeMamine the relationships of the great mountains to the plateaus^ 
and of the plateaus to the sea, with the result of confirming in the 
most conclusive manner the uplift of the plateaus by the ocean. It 
is found that the plateau of western Tibet has almost exactly the 
relationship to the ancient sea valley formerly covering northern 
India, that the plateau of Titicaca now has to the border of the 
Pacific Ocean. 



802 SEE-ORIGIN OF HIMALAYA MOUNTAINS, I April lE. 

« 

If we examine a good map of northern Indisp we shall find not 
only that the Indus and Ganges now flow in the ancient sea v^alley 
formerly depressed below the waves, and now elevated less than 
1 pOOO feet aljovq the ocean ; but also that this valley made a sharp 
bend in north central India. It has the form of the Greek letter 
Lambda. A, with the Ganges leg of the lambda by fa^r the longest, and 
the included angle about 105*. 

If the lava expelled from beneath this ancient sea valley came 
from two directions, at such an angle, the forces of uplift naturally 
would accumulate at the head of the Sea Valley. For they would 
come from the southeast and also from the south^vestp as well as 
from the south; and the resnlt of compounding these forces w^ould 
be magnified forces of unusual intensity, directed to the elevation of 
the Himalayas of north central India, This is exactly what has 
taken place; and hence we see why the plateau of Tibet is so high in 
the western part of that great “roof of the world."' 

If now we turn to the region of Lake Titicaca^ in South 
America, we find an exactly simitar relative situation. The coast 
from the south and northwest meet at an angle of some 135° ; and 
the forces producing the uplift have come from the two directions; 
and also from the west. The result has been a convergence of the 
forces tending to produce an uplift; but as the angle of 135* i$ less 
acute (ban in northern. India, where the angle is 105", it is not 
remarkable that the plateau of Titicaca is less elevated lb an that of 
western Tibet^ where the forces converged more pow'erfully and 
were so compounded as to produce the maximum elevation. 

It certainly is not aeeldental that ibesc tw'o highest platcaits of 
the world stand in simitar centers of c&nt^erffmff forces direeied 
from t/te oeeatr; and that the higher plateau of Western Tibet has 
the forces converging at the smaller angle of 105^, and therefore 
compounding more effectively to produce a greater power of uplift, 
for equal energj^ directed from the side of the sea. 

And as the observed phenomena confirm the theory^ in every de¬ 
tail, one finds it very difficult to believe that any other cause has 
shaped these stupeudoiis uplifts of the earth's crust. 

Tt is also easy to sec why the heights of the plateau of Tibet is 
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less towards the east, where the elevation is only ii^ocxj feet^ For 
in the easlem part only a side pressure was available for the uplift, 
and the forces of elevation did not converge towards a point, as in 
western Tibet and near Lake Titicaca^ in Bolivia* 

5, Some PitEXOMi^NA Connected with the Great Earthquake 
AT Arjca, August 13, 1S68, 

One of the most imporunt means of judging of earthquake 
phenomena is the evidence afforded by eye witnesses; and this bC' 
comes especially valuable when we know the nature of earthquake 
processes, because it then becomes possible to see in the descriptions 
given by eye-witnesses a certain amount of new meaning. 

Accordingly, we add a brief account of the terrible earthquake 
at Arica, August 13, 1S68, which was a continuation of the move¬ 
ments directly concerned with the uplift of the plateau of Titicaca. 
For it a survival of the ancient movements which brought about 
this elevation, and as the region still is near the sea, it Is of special 
interestp because it bears on the elevation of the plateaus of the 
Himalayas, now further inland. 

In his ''Light Science for Leisure Hours” p. 199, the late Pro¬ 
fessor R. A. Proctor describes the havoc wrought by the earthquake 
at the neighboring town of Arequipa as follows: 

" At five minutes pa&t five (P. Ttr.) an earthquake shodc was experienced, 
which, thcjijg'h severe, scenu to have worked very link mischicL Half a 
minute kter, however, a tcrfihk noise was heard beneath the earthy a second 
^hock more violent tlian the first was felt; and then began a swaying inotion, 
gradually increasing sn intensity. In the course of the first minute this 
motion had heco-mc so violent that the inhabitants ran in terror out of their 
houses into the streets and squares. In the next two minutes the swaying 
movcinent has so increased that the more lightly built houses were east to 
the srrotind, and the flying people could scate^Jy keep their feet. ' And now/ 
says Vcui Tschudip ' there followed during two or three minutes a terrible 
scene- The sw^aying motion which had hitherto prevailed changed into fierce 
vertical nphe^vah The subterranean roaring increased in the most terrify¬ 
ing manner: then were heard the heart-piercing shrieks of the wretched 
people, the bursting of walls, the crashing fall of houses and churches^ while 
over all rolled thick clouds of a yellowlsh-hlack dust, which, had they been 
poured forth many minutes longer, would have suffocated thousands.' 
Although the shocks had lasted hut a few minutes, the whole town was 
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dciCroycd. Kct one building remained uninjuredr ^d ibcrc were few whicll 
did not lie in shapeless heaps of ruins" 

This description was drawn for the phenomena observed at 
Arequipa, tut that it would s«rve equatly well for Arica is suffi- 
ciently indicated by the accompanying photographs of the town as it 
was before and after the earthquake. A more terrible record of 
desolation could hardly be intagined. 

With this brief but striking description of the earthquake, we 
may now' turn to the seismic sea wave at Arica, and here 1 shall 
again quote Proctor’s account, which is based on the elaborate tech¬ 
nical memoir prepared by Professor F. Von ilochstetter in the 
Siismigsberichtf of the Vienna Academy of Sciences for iS6S, 
\ol. LVin,, Abth. II. Proctor’s account runs thus: 

f 

At Arica tfie sea produced circn more destructive effects than had 
been caused by tbc earthfiuake. About twenty mSnutes after the fim earth- 
shock (f. S '25 R- Mr) the sea was seen to retirCp as if about lo leave the ^bore$ 
wholly dF>’; but presently Sts waters returned with treinendoiis force A 
mighty wavC;, whose lesgth seemed tinnieasurable^ Seen ad'^'ancing like a 
dark wall upon the unfortunate lOwr^ a large part of wbkh was over¬ 
whelmed by iL Two sbips^ the Peruvian conette idwrenVa and the United 
States "double-euder' FFuterej were carried nearly half a mile to the iiortb of 
Aricap beyond the railroad which rutts to Tacna, and there left stranded high 
and dry. This enormous wave was considered by the English Vkc-Consul 
at Arica lo have Leexi fully fifty feet in height. 

At Chata, three such waves swept sti after the first shocks of earthquake. 
They overflowed nearly the w'hole of the tow^n, llic sea passing more than 
half a mile liej'ond \i% usual limits. 

At Islay and Iquique slniilar phenomena were manifested- At the 
former low'n the sea flowed in no leas than five timeSp and each lime with 
greater force. Afierwarda rhe motion gradually diTninishedp but even an 
hour and a half after the commencetnent of lhi$ sinmge disturbance, the 
waves still nan forty feet above the ordiniary' level- At Iquique, I he people 
beheld the inrushing wave whilst k was still a great way off. A dark blue 
ma^ of water, some fifty feet in height, was seen sweeping in upon, the town 
with inconceivable rapidity An Island lytng before the harbor was com¬ 
pletely submerged by the rtkii wavcp which still came rushing on, black with 
the mud and sbme it had swept from the sea bottom. Those who witnessed 
Its progress from the upper balconies of their bousesp and presently saw its 
black ma,ss close benraih their feet looked on thdr safety as a miracle, 
Many buddings were indeed washed away, and in the lowlying parts of the 
town there was a terrible loss of life. After passing far inland the wave 
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slowly returned seawards, and strangely enough, the sea, which elsewhere 
heaved and tossed for hours after the hrst great wave had swept over it, 
here eanic soon to rest 

At Cahao a yet more singular instance was afforded of the effect which 
cireumsiances may have upon the motion of the sea alter a great cattlitiuakc 
has dSiturbed il. In Conner earthquakes Callao has suffered terribly from 
the effects o£ the great sea-wavt In fact on two occasions the whole town 
has been destroyed, and nearly all it* Inhabitants have been dtownedp through 
the inrush of precisely such waves ai flowed into the ports of Arita and 
Chala. But Upon this occasion the center of subterranean diiturbanee must 
have been so situated that either the wave was diverted ftona Callao^ or more 
probably two waves readied Callao from diffcrciu sources and at different 
tiroes, SO that the two undulations partly counteracted each other. Ceftain 
it is that although the water retreated strangely from the coast near CallaOj 
insomuch that a wide tract of ihe sea-bottom was uncovered, there was no 
inrushing wove coniparable with those described above. The sea afterwards 
rose and fell in an irregular manner, a circumstance confirming the snpposi' 
tion that the disturbance was caused by two distinct oscillations. Six hours 
alter the occurrence of the earth-shock, the double oscillarions seem for 
awhile to have worked themselves into unison, for at this time three con¬ 
siderable waves robed in upon Use town. But clearly these waves must not 
be compared with those which in other Instances had made ihear appearance 
wish in halt an hour of the earth-throes- There is little reason to doubt that 
il the separate oscillations had reinforced each other earlier, Callao w^ould 
ha%'e been completely destroyed. As it was, a considerable amount of mis- 
chief was effected; but the motion ol the sea presently became irregular 
again, and so continued until the morning of August 14. when it began to ebb 
with some regularity. But during the Mlh there were occasional renewals 
of the irregular motion, and several days elapsed before the regular ebb and 
flow of the sea were resumed,"' 

In this cxcettent account of the great sea wave at Arica, Alignst 
13, 1S68, Proctor makes no allusion to the U. S. S. Frt^douKi, which 
%vas lying at anchor with the W^iUree; and we add therefore that 
the Fred&nia is reported to have been capsized as the wave ad¬ 
vanced, and nothing was ever again heard of her, all the otfieers 
and crew having been lost with the wreck of the vessel. 

Tlie IPdferce was but little injured, and aftenvards used as a 
hotel The picture of t!ie stranded IVatcrcje here reproduced was 
made by an officer who visited the scene sometime after the dis- 
aster. This valuable historic photograph has been preserv-ed by 
Mrs. E. Vk Cults, of Marc Island, to whom the author is indebted 
for this impressive illustration of the effects of ilit$ great sea wave. 
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The previous illustrations show the city of Arica before this earth¬ 
quake, and the mere wreckage which remained after the iniiunda- 

tion of the sea. 

In an earlier passage than that above cited, Prpctor quotes the 
description of an eye witness, which tells of the niovcments of the 
ships: * 

The ageni qf the Fscilie Steam NarigatiDn Company, whose house 
had been destroyed by the earth-shock, saw the great sea-wave while he was 
flying towards the hills. He writes: ‘White passing towards the hills, with 
the earth shaking, a great cry went up to heaven. The sea had retired. On 
clearing the town, 1 looked back and saw thot the vessels were being carried 
irresistibly seawards. In a few minutes the sea stopped, and then arose a 
mighty wave fifty feet high, and came in with a fearful rush, eartying every¬ 
thing before it in terrible maje-sh-. The whole of the shipping came hack 
speeding towards inevitable doom. In a few minutes all was completed— 
every vessel was either on shore or bottom upwards.^'' 


6. Pratts Reasojcjnc on the Densit’it of the Matter Under 
THE Ocean, Plains and Mountains, and rrs Applica¬ 
tion TO India and tiie Himalayas. 

Pratts reasoning in regard to the density of the matter in and 
beneath the crust of the earth, and its bearing on the tfew theory of 
earthquakes is described in my paper on “The Cause of Earth¬ 
quakes, :^rountain Formation ati 4 Kindred Plicnomena Connected 
with the Physics of the F^arth." published in the Procetdings of this 
Society for igo6, pp. 344-346. His main conclusion is stated thus; 


This (deflechoii of the plumb line) shows that the effect of variations 
of density in the crust must be very great in order to bring about this near 
^mpensatioti. In fact the density of the crust bcneaih (he moimtains must 

Sd “fP«r» and still less than that below the occan- 

, Figure of the Earth, 3d editioti, Art. ijy, pp. 134-135)- 

Again: 


tw arrived in Art, 13;, that the pans of 

fluid 'h' «™s to bear additional testimony to the 

fluid theory. For n shows that notwithstanding the varied surface seen at 
present m mountains and «eans. the amount of matter in a v«r^«? p7ism 
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(tdcni., p. i6i>* 

This subject oi the density of the niattet hidden from our uew 
beneath the crust of the earth has also been ^ ^ 

Professor Henri Poincare, in an address on . '/ 

translated by Professor George Bruce Halstead, and published m the 
PQpuhr Science Monthly for February, 19 13 ' ^he eminent renc 
geortieter reasons as fallows: 

Hut thcic decii-lyins rocks we cannot reach Bcercise fro^ afar thjr 

S US of thdr distribution. Thus wiU it inakc us really sec ihoac regions 
ii-hifh Tules Verne only showed tis m imagination. 

■‘This is not an ernfuy illusion. M. Faye. 
mcrtts has readied a result well calculated to surprise us^ Lnder the oceans, 
in the depths, arc rocks of very great densitj-; under the continents, on the 

K^ew^bs^nadonlwhl modify perhaps the details of these condtisions.- 
“ lu any case, our venerated dean has shown us where to search and 
whal the geodesist may teach the geologist, desirous of knowing the inteno 

V“b. Jh. «,i .vcn .h. »i.hin8 .0 ..bcbto. «po. .h= 

past and the origin of this planet. 


From this extract It will be sceii that the most eminent French 
aiitlioritics recognize the conclusions first formulated by Pratt over 
half a century ago. It only remains to consider the application 01 
Pratt’s theorem to the Himalayas anti the plateau of I ihet. 

If. as Pratt says, '‘the density of the crust beneath the moun¬ 
tains must be less than that below the plains, and still less than tliat 
below the ocean bed,” it is very difficult to sec how this could have 
come about except by the greater uplift of the mountains, by tlie 
injection of more light material beneath, while a less amount of such 
material has been injected under the plains, and scarcely any has 
remained under the ocean bed. because it tends to work out by the 
path of least resistance. This is tlie only explanation whicii satisfies 
the observed phenomena, and conforms to the known fact that the 
mountains and plateaus are uplifted by the expulsion of matter 
from beneath the sea, in world-shaking earthquakes. Thus the 
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knoAvn facts of geodesy as respccu; the Himalayas are fully ex¬ 
plained, .And the explanation rests on principles established by a 
variety of mutually confirmatory obsers^ations. 

7. Defects in the Doctrine of Isostacv as Cosimoklv Stated. 

The doctrine of isostacy as common! y stated is vitiated by a 
serious if not fatal error; atid it is necessary to overcome this 
defect if the doctrine is to hold its place in modern tiiotight. In 
Science of February iq, 1911, Professor J. F. Hayford presents a 
paper based on the valuable data he obtained in the work of the 
U, S. Coast and Geodetic Survey, deduced from 765 series of astro¬ 
nomical obseiv’ations at 89 stations in the United States. The 
causes assigned, hott'ever, are so inadequate that it seems worth 
while to point out the defects in his reasoning, which is as follow's 1 

"Columns A and B have been assumed to contain equal tnasses. There 
is complete isostatic compensation. The pressures at the bases oF the two 
columns are equal, and at any less depth. A’, the pressure is greawr in A than 
m B. Now assume that in the normal course of everts a Ibtes amount of 
material is bring eroded from ihe high surface of column A and deposited 
on the low surface of column fi. After this erosion has been in progress 





for some time the isostatic compensation will no longer be perfect. The 
pressure at the base of B will he greater than at the base of A. The nres- 
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Call this level of tcmpotari' eqEia!it>' Of pressure in the two columns the 
neutral level- As the proce 5 $ of eroston and deposition progresses Ibc neu¬ 
tral level will gradually progress upward froni its original posittort at ilie 
base of the columns. Eventually if no interchange of mass took place be¬ 
tween the columns tscepc at the surface, and no vertical displacement 
occurred in either column, the neiiiral level would reach the surface w^hen the 
process of erosion and deposition became complete and the upper sur¬ 
faces of the two columns were at the same Jcvei During the process of 
erosion and deposition the ejicess of pressure in A at any level aboire the 
neutral level will continually decrease. STmilarly, at any level below the 
neutral level the excess of pressure in B will continually increase as the 
erosion progri:sses and the neutral kvcl will Thus there will be estab¬ 

lished a conHuiially increasing tendency for the material below the neutral 
level in R to be squeezed over into A. If the stresses tending to produce this 
undertow from the lower part of B to A become gn^ter than the material can 
standi the How will talte place as indicated by the arrow' in the figure- If the 
material ^ows W'^ithgiiE change of volume, as if it were fncompressible, the 
upper part of A and it:S surface will be raised, the upper part of B and its 
surface will be low'ered, the neutral level will sink and au approximation to 
the original conditions with complete isostatic compensation w'sEl be rc- 
established-” 

■'This is the general ease of i^ostatk readjustment by the action of 
gravitation alone. Cravstation tends to produce a deep undertow from the 
regions where deposition Is taking place to the regions where erosion is in 
progress, in the direction opposite to that of the surface transfer of material.'^ 

“ Let us suppose that ihe isostatlc compensation al a given stage in the 
earth's history^ is praetically complete for a continent, that the process ot 
erosion from the greater pan of the continent and deposition around its 
margins Is in progress, and that the process of readjustment by a deep ujider- 
tow is in progress.'* 

The fatal defect m tht^ reasoning consists m the fact that it 
begs the question^ and docs not in any tcay explain the elct^tion of 
the fitargin of a contincHif but only hoio it may mainiam its present 
form by a Process of rcadjnstmeHL This is like a river ri.sing 
higher than its sotiroe, cir a rnan trying to lift himself by pulling on 
his boot St raps j or the logician reasoning in a circle. For in order to 
explain the development of the inequalities of the earth's emst, we 
must not only explain the adjustment anti balaneing between ad¬ 
jacent pans, but also hoic^ the anginal uplift came about, to give the 
obserwed contrast in surface levels. 

Xow on the premises used by Hayiord, it is possible to explain 
how a given inequality of surface levels, when onco existing, can 
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be uiairiiahied; bqt it is not possible to account for the onjiM of the 
iftequaliiies of level. Isostocy thus is not an active 

creuth^e agency^ hut simply a negathe process for maintahiing exist¬ 
ing mequatities.^ Under the doctrine as above stated, the height of a 
mountain or plateau could never increase, for that would require 
the exertion of positive elevating forces, not mere balancing for 
maintaining inequalities of levels already existing. 

Accordingly, this formulation of the doctrine of isostacy^ is de¬ 
fective, and inadequate to account for the phenomena of the earth*s 
crust. 

The true doctrine should include not only the process 

described by Hay ford, but also those dei^twg forces directed from 
the sca^ by which the mountains are elevated as narrow walls about 
the borders of continents, on the great plateaus which spread out as 
wider embankments beneath them. Without these positive uplifting 
forces, no continent could ever have a roountainous border tbrowm 
up about it. 

No doubt the elevation i$ produced under approximately isostatic 
conditions. ^Mountains can be forced up only to a certain heightp 
the transfer of lighter material under the higher parts thus giving 
nearly equal mass in all equal prisms drawm to the center of the 
earth. The path ,of least resistance is tow^ards regions of elevation, 
and the underlying material expands as the surface level is forced 
up. If this were not so the greater iveight under the elevated regign 
would cause it to subside to the common level. In this way* and 
in this way only, can progressive elevation be produced. 

The weakness of the old method of reasoning is further illus¬ 
trated by Hay ford's remarks: 

" Untler a region of deposition two effect of opposite sign tend to occur. 
The effifct of increased pre^siirc tends to pciodoce chennitiicLl changes accom¬ 
panied by decrease of volume and *0 to produce a linking of the surface. 
The blanket of deposited material tends to raise the temperature in each part 
of tile iTiaterial covered, to increase the volume of this material, and thereby 
to raise ihc surface. The lemperature effect may serve in time to arrest the 
subsidence caused by increa&ed pressure or even to raise the surface and 
change ihe rei^fon of deposition into one of erosion/" 

“The changes of teiupcramre just described are due directly to eroilan 
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and dtposjtioit 1£ as an effect of crpsiou and deposition an undertow is 
staned tending to reestablish the isostatic condiiioB, this undertow* a Eow of 
material presumably solids nteeasarily develops considerable heat by internal 
friction. The increase of temperature so produced tends to cause an in¬ 
crease of volume. It maj' favor new ehemteal changes, including chanees 
from the solid to the tic[uid state, which may he accompanied by a change of 
volume. The undertow tends to be strongest not under the region of rapid 
deposition, but under the comparatively neutral region hetween the two in 
which neither erosion nor deposition is much in excess of the other^ ^ee 
Fig. 2. Hence the undertow by increasing the temperature and causing a 
change of density may be directly effective In changing the elevation of the 
ueutral region between two regions of deposition and erosion."' 

iSeiaM or wcomat «£oiort or ocp&siTjojg 

^ffEATCST Wif^^ONTAL 
OoMinrE^rCN A T 



^ Horiionlal compressive stresses in the material near the surface above 
the undertow are necessarily caused by the undertow. For the undertow 
necessarily tends to carr>' the surface along with it and so pushes this surface 
material against that in the region of .erosion, sec Ftg, i These stresses tend 
to produce a crumpling, erushing and bending of the surface strata accom¬ 
panied by 1ncrea4ie of elevation of the surface. The increase of elevation of 
the surface so produced will tend to be greatest in the neutral region or near 
the edge of the region of erosion, not under the region of rapid erosion nor 
under the region of rapid deposition.'* 

The criticism a^inst this reasoning is the same as that used 
above^—namely^ it will explain only balancings hut not the uplifting 
of great mountain walls along the sea coast. Nothing but the 
transfer of lava from beneath the sea^ and the expansion of it 
under the monutaius will explain the observed mountain walls along 
the borders of continents; and this requires positive forces of eleva¬ 
tion, not mere negative processes. The advocates of isoslasv, as 

eKOC. AM Eh. PHII, SOC.p Lll. til o, miJCTin* OCt, 1913 









012 


SEE-^RlGlN OF HtifALAYA MOUKTAINS. EAprU i$, 


heretofore taitght^ have left that doctrine with such a serious defect 
that this correction is neccssai>' to give it a rational basis. 


8. The Lpliftis^g of the Himalayas^ Aiikakan and Afghani¬ 
stan Ranges Explains the Gi^kat Asiatic Eaeth^juake 
KELT. Confirmation of Colonel Burrard's im¬ 
pressions THAT THE HiMAL*AVAS HAVE REEK 
Pushed Northward, but not by a 
Change in the Rotation Period 
OF THE Earth, 

Vvt have seen that the region now occupied by the rivers Indus 
and Ganges was formerly a sea valley; and that after the Himalavas 
were elevated to a great height, the valley itself was slowly raised 
above the ocean. 

If proof Is asked that the valley s of the Indus and Ganges were 
formerly beloiv the sea, it is furnished by the well-established fact 
that such valleys as the San Joaquin and Sacramento in California 
were below the sea when the Sierras were being elevated. What 
has happened in California has also happened in India; and the same 
process of elevation w-ill eventually give a fertile habitable valley in 
the belt just south of the Aleutian Islands now covered by a sea 
nearly five miles deep. 

This proof that the valleys of the_ Indus and Ganges were 
onre several miles beneath the sea level is absolute. For it is 
definitely known how the mountain ranges and adjacent valleys are 
crumpled, and finally raised above the sea. And what has happened 
for mountain ranges in general, has happened also for the Hima¬ 
layas and the valleys adjacent thereto. 

In order to round out the view here traced, it only remains to 
add that the Arrakan coast of Father India contains two chief 
mountain chains, one of which ia the backbone of the Malay Penin¬ 
sula; and the other is the range terminating at Cape Negrais, but 
continuing under the sea in a string of islands, and reappearing 
further south as Sumatra and Java. The Andaman islands and 
several volcanoes in the sea appear between Cape NegraU and 
Sumatra. And both Java and Sumatra are noted for their terrific 


I9ljrl 


SEE--OEIGCK OF HIMALAYA MOUNTAINS 


^ 513 


volcanic violence. This voLcanic chain k analogous to that of the 
Aleutian Islands, except that the middle part is siibrnergedp and the 
two ends raised above the waves. 

The line of thought here developed enables us to understand the 
volcanic activities of Farther India, and also the terrible belt of earth¬ 
quakes in Assam and the adjacent regions south of the Himalayas 
Part of the ancient sea valley k above the water as low landp and 
part still in the ocean, and covered by the sea to a considerable 
depth. 

West of India, we have the complicated mountain ranges and 
earthquake belts of Afghanistan and Persia. It would be difficult 
if not impossible to understand the phenomena they present if 
studied alone; but if studied in connection with the developments of 
India and Farther India above discussed, it i$ easy to see that 
Afghanistan and Persia were built up in like maunerj and at no “ very- 
distant epoch w"ere beneath the $da. 

In his article on the ^rHimalayas/' Encyclopedia Britannica, 
9th edition, the late General Strachey has strongly emphasized the 
view that the mountains and table lands of Afghanistan and Persia 
arc intelligible only in connection w ith those of India. 

'"It is after the middle Teriiaiy epoch that ihe principal elevation of 
these mauntasns l<5ok place^ and about the same time abo look place the 
movefnems which raised die tablelands ol Afghanistan and Fersfa, and gave 
southern Asia its existing oullines” 

He also points out the fact that at no very distant geolc^cal 
epoch the ocean extended from the Arabian Sea through the 
Persian Gulf to the Caspian and ifediterraneam The contiuuatiori 
of the earthquake belt through this region of Western Asia is 
therefore quite intelligible, and the existence of active volcanoes 
near the Caspian a sun-^ival of present and former relations to the 
ocean. 

The annual rainfall south of the Himalayas amounts to about 36 
feet, and this is so enormous as to be almost as effective as a shallow 
sea in keeping alive earthquake processes. 

It is established by observation, for example, that the very 


rji4 - 


SEE^RlGtN OF HIMALAYA MOUXTAIXS. lApra tfl. 


active volcano Sangai, in the terrible fam belt at the head of the 
Amazon, in Ecuador* has its activity about doubled dining the worst 
period of the rainy season^ owing to the effects of surlace water. If 
in South America the volcanic forces can be visibly augmented 
by copious surface water, it is easy to understand that the terrible 
rams of India may also operate to keep alive the earthquake 
processes almost as well as an overlying sea. 

The earthquake belt south of the Himalayas is thus perfectly 
explained. And the extension of this line of disturbance through 
to the Caspian presents no difficulty, when account is lakcn of the 
recent situation of the sea over a large part of this region of 
w^estern Asia. 

In conclusion it only remains to add that Colonel Btirrard's argU' 
ment, cited in Section 1 above, that the Himalayix^ resulted fr&m 
the ptishittff of a great moss of matter northward, undoubtedly is 
correct. This fact appears to be as well established as the rising and 
setting of the sun, and further discussion of the subject b 
superfiuous. 

The cause of this northward movement is also fully established^ 
but It is not that imagined by Colonel Burrard. In the Obsenfotory 
for May and June, i.viU be found a discussion by Colonel 

Burrard of considerable interest, but founded on the premises that 
the earthspeed of rotation i$ variable and has undergone con¬ 
siderable changes within the period cov^Sred by geological history. 

The writer's Researches on the Evolution of the Stellar Sys¬ 
tems/' VoL IL, I pro, show that the view's formerly held by I.pord 
Kelvin and Sir George Darwin are now quite inadEnissible) and 
that the earth s rotation has not changed sensibly since the earliest 
geological time. Thus Colonel Burrard’s premise that the retarda¬ 
tion of the earth's rotation might canse a flow of matter toivards 
the poles is wholly inadmissible. 

Besides, there are other means of showing that such vrus noE the 
origin of the Himalayas. These great mountams of India, for 
esrample, should no more be dttc to a change in the earth*s rotation, 
than should the Atides. tehkh run almost cjcaetly north and south, 
and by their course atong the meridian, exclude an explanation 
founded an a change iit the speed of the earth^s rotation. 
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Pl^TE XXIV 



RELIEF MAP OF SOUTH AMERICA. 

From Frye *5 CftmphU bjr permission of Ginn & Co., Publishers. 

IllustT^ting the New Theory that the Mountains were fortned hy th^ oceans, and 
ihxLs run parallel to the Sea Coast, as in the typical case of the Andes. It was this 
vast wall along the Western sea-board of South America and the earlhouakes afflict¬ 
ing that rcRion that led to the discovery of the cause of Earthciualees and Mountain 
Formation in i^oSl The foundations of the New Science of Gcogony were thus 
laid by the w^riter, soon a her the great earthqualccs which dfvastated San Fran- 
cisco and Valparaiso. 
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Plj^T£ XXV 



RELIEF MAP OF ASIA. 

From Fr^^c's Comptcli G^ography^ by pcrmi^sioti of Ginn & C&^ Publlihcfs^ 
Showinif development of ihe Himi^ayas *and Plateau of Tibet hy the Indian 
Ocean on tiic Sotitb, anti other ran£[e&of Mountains by the Pacific^ aloo^ the Eastern 
shores of the ContinenL Before India was raised from the ocean, the sea coast ran 
parallel to the Himalayas, as in the case of the Andes in Sotith Apicriea. 
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Plate XXVI 



MAP OF INDIA, 

Frotn the Etfcydopcdm Briionnic^, ninth eilkionp showing the localion of iht 
Hinia3a>‘a& and Plateau of Tibet m relation to the neighboring parts of India. 
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Plate XXVK 



THE CTTV OF ARICA, PERU, AS IT APPEARED BEFORE AND AFTER 

the earthquake and sea wave of august 1868 . 

From phoioifrsiphs tii the posscssSon of Mrt E. V, Cults, of Marc Island, CalifortiSiu 
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Plate XXVII ^ 



the ship in the foreground is the V: S. S. WATERED 

1 1 was washed iialf a mik inland by the Ijreal sea wave at Arica, Peru, August 13, 
From a pholcigraph in the possession ol Mrs, E. V. Cutti^ Mare Island. 
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PLATE xxvm 



PASSAGE IN THE ANHES, liETWEEK CHILE AND AKGENTIKA. 

Showinit a Slone lfoU$e biiitt for ihc jitictler of travelers, against violent storms whicli arc frequent nf these great altLluiles. 
Photograiih liy Harriet Clialniers Adams. iVtifmnaJ Gtt/grophkal Magasine for May, igio. 
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Plate XXlX 



MT. HUASCARAN% IN CENTRAL PERU, ALTITUDE ABOUT FEET. 

PhoiOBT^ph and copyriuM by Miss Anna S, Peek. iVo/fo-p/ Ceopral^kieat for 

Jwic, 1909. Used by special permission of Miss Peck. 



MT, ACONCAGUA, IN CENTRAL CHILE. 

The highest V'olcano in the world, and long considered the summit of the Andes. 

Altitude, 22 ,£o 0 feet 
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Plate XXX 


TYPICAL VIEW Oi- THE ANDES, NEAR ACONCAGUA, CENTRAL CHILE. 
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PmTE XXXI 



MT, EVEREST. THE HIGHEST PEAK OF THE HIMALAYAS AND OF THE 

WORLD 

Altitude 29^002 feet above sea level PhotQEraph by ViiiDPo ScUa^ from Chunjerttia 
Pass (Kepat), 8 o miles dial ant, Nalimal Gtiigra^hka! Magasin^ for JutiPh igop. 
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Plate XXXI 



MT, KENGCHENJUNGA, NEAR MT. EVEREST, AND SECOND HIGHEST PEAK OF THE HIMALAYAS. 
Altitude, 28,150 feet, Pholograpli by Vittorio Scflu, Natia^ot Ctograpfiifat AfoiJiMint for June; [f)OQL 











1 




N 


- 7 ' 


I' 





t 



PROCEEDIHOa Au. FHItOS. SOC. VOU LRL NOr ^11 


PUT£ XXXIt 



THE RUWENZORI 

In Equalonal East Afrka risiti^ to an altitude of 1&,^0CS feet. Tilts snow capped rarnffc 
in the bottt^t jiarl of Airica was tip-tored by tbe Dulse of the Abbruzzi in Photo¬ 
graph by Vittorio Selli, from ihc soutli, Naiwml Gea^raffMcaf for June, igo^ 
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Plate XXXIII 



VIEW OF THE ALPS FROM THE SLiMMlT OF MATTeRHOR>f, 

Showing the tcfnble upheaval!, involved in the npj'fl of ‘I*' Alps' Photogfapli Lj G. P, 
Abraham, National Gcoffraphica! Mofiozint for June. 1909. 
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And as the Andes are well known to have been formed by the 
sea^r in the way we have described, it is certain that ihe same cause 
uplifted the Himalayas and the plateau of Tibet. 

From these considerations it will be seen that the modern sci¬ 
ences of geogony and cosmogony are closely related ^ and that 
neither can be perfectly developed without the aid of the other^ 
Jusl as it is impossible to develop a satisfactory theory of the forma¬ 
tion of the earth without data drawn from the modern science of 
cosmogony j so also cosmogony itself has been much improved by 
a science of geogpny w^hich gives a correct theorj' of terrestrial 
mountain formation. For that has aided in establishing the origin 
of the lunar craters^ and the early growth of the earth itself by im^ 
pact. The existing ranges of mountains have been subsequently 
formed by the sea and thus made parallel to the coasts. On the 
other handp without the theory that the mountains generally are 
formed by the ocean^ which is so clearly established for the UTpical 
range of the Andes, running exactly north and south, our ideas of 
the origin of the Himalayas might have remained obscure for ages. 

It i$ scarcely necessary lo point out that these results lUustraie 
someivhat impressively the value of a comprehensive vision in the 
study of the scienCCs^ Without this power for comparing together 
the most remote objects there can be no progress in discovery of 
the highest order. 

Starucht on LoCTRt, 

MoxrcoMWV City, 

Missoujej, 

March 27 t 


FACTORS IN THE EXCHANGE VALUE OF 
METEORITES.* 


By WARREK M. FOOTE 
(RtciKTd AprU ^5, ^9^3) 

llistDricaL —For many years an acceptable standard o! meteorite 
values has been sought by students and investigators in this branch 
of geolog)'* as well as by those museums or individuals who aim to 
complete the great collections. While the supply of one locality or 
fall is often known to the fraction of a granip its institutional 
owner's reluctance to exchange may not be measured by any known 
formula. It is then most natural that negotiations frequently pro- 

1 Since valiirfi are nol sclllcd by individualp but by coUcctire opinion, an 
outline of this aniclc was submitted to seAxral active easebangers. The 
curator of one of the two greatest melconte collectioDs^ warmly commends 
the ciTon lo determine exchange values from new viewpoInU^ He cjipreMci 
the belief that itiuseumfi in general will utllke the work, and will welcome 
the elaboratinn of any detailed system w'bich affords a standard of value for 
meteorite exchanges. 

Professor E. A. Wiilfing writes t 

Your article on the factors which determine the exchange value of 
meteorites inlercsted me very much. ^ , In my coiuEderatSon of the matter 

in 1 did not think primarily of market prices, but of exchangei between 
the large museum stocks, whteh 1 thought was not wholly impossible. The 
purchase price was only considered by me in so far as it influenced the choice 
between the formulae and Yotir second factor, “ weight of 

specimen offered,* could Pol influeiicc sldce there seemed to be much too 
liule of what wa§ offered in ifigiy, in comparison with the large museutn- 
massts to be dislodged. . . . Btit these were all factors which it was Impos¬ 
sible lo CDU^Ider in likewise ihe * area of slice' had to be set asidcp 

otherwise the problem of clearing away the endless confusion in the price 
question Would have grown still more insoluble. 

" I would say therefore, that in quite properly critlclzmg tlie formula^ 
. . . the conditions which produced it, and which only could have produced 
it, should be considered. , + « f believe that you have uudertaken this [cKlen^ 
sion oE the formntal in the right way and 1 wish to express the hope that 
you may succeed in further distributing meteorite masses and thereby advance 
their study.” 
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long into failure during the years which are required for exchangers 
to get together. Apart from the few who devote much time to 
meteorites, are the many to whom they have but an incidental ajid 
minor interest, and vvho have little idea of values other than those 
given by the owner. Hence the occasional as well as the regular 
collector may find worth while a brief examination of the subject. 
We may first exclude local valuesj since they are usually determined 
by agreement between finder and buyer. 

The first to attempt any systematic enlightenment in this field 
was Dr. Otto Buchner, In iS6^ appeafed hh volume on meteorites 
in collections/ wherein he noted ^30 different localities. 

Thirty-four years after Buchner's publication. Professor E. A. 
Wiilfiiig, an eminent authority, w-rote: '"The present interest in 
meteorites on the part of many, could be increased by a wider dis¬ 
tribution of material Believing that this i$ attainable through 
active exchanging, and further because I see an aid to this end in a 
deterniination of the relative value of meteorites, oven if only ap¬ 
proximately, I shall endeavor to establish their exchange values/' 
Accordingly, in 1893 he wrote to all owners or curators of meteorite 
collections, asking them to report the weight of each meteoritic fall 
or locality in thetr possession. Then followed a long and volumi¬ 
nous correspondence which, with the arduous tabulation of the 
data secured and the development of his formula, delayed for nearly 
four years the publication of his exhaustive treatise® of some 500 
pages. Tlie major part of this work consists of a list of all known 
meteoritesn giving, for each, the full locality, symbol, date of fall or 
find, bililiography^ original weighc, present known weight, and 
finally, a list of owners with the weight in grams of their holdings. 
In the two concluding chapters is elaborated a theory of values. He 
fitids but three important factors which enter into the value of each 
meteorite: 

I* The Present Known Weight,—This^ Wnlfing states^ is incom- 
plcte in many cases, because of his failure to reach some ownera and 
to secure full data from others- Where the original Aveigbt is un- 

Mclcoriten in Samtn]ungen, ihre Gewlchte, mifieraloglsche und 
clicmische Bcsehafletiheit." 

^ " Die itctcofitcn in Sammlungcn mid ihre Literatur.^ Tubingen. iSg7. 
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accoyjilably reduced, Bome of the shortage is considered in the ex¬ 
change value given to &uth falls, 

2, The Group Weight,—A modificatioii of the admittedly iro' 
perfect Rose-Tschermak-Brezioa group classification, is used, show¬ 
ing each group weight. 

The Number of Owners.—Wiilhiig acknowledges the unre¬ 
liability of this factor, in that some owners have not enough to part 
with any and should therefore not be Included. However he in¬ 
cludes all owners as of equal importance in his formula for finding 
the value of a fall, arguing that when divided among many holders, 
it IS less desirable in other eyes. 

The following variable factors, which he excludes, are then re¬ 
ferred to as not being computable or as of insufficient weight to be 
utilized in ^vorking out the formula: (4) Material which may be 
found in the future and thus raise certain group-weights, especially 
of the rarer groups, when new individuals of such are found, (5) the 
original cost of collecting specimens, (6) state of preservatioUf 
(j) historical interest, (8) if seen to fallj the meteorite is valued 
higher, especially in the case o£ nine irons so distinguished. The 
wisdom of doubling his valuation of these nine falls, or making even 
a greater increase, is left by Wiilfitig as an open question. Con¬ 
cerning the stones* he states that there is generally no difference in 
value between the few not seen to fall and those seen to fall. 

The author here begins a mathematical inquiry into the relative 
value of the three factors chosen; Group Weight (G), Present 
Known Weight (jV), and the Number of Owners {B). Following 
a long analysis with numerous allowances and exceptions, he estab¬ 
lishes the exchange value (IF) in the formula, 

I 

Four tables follow for estimating the value of new meteorites: the 
first is for meteorites having from i to 3 owners; the second 4 to S 
owners; the third 9 to 20; the fourth table being for those of at or 
more owners. The group weight is given vertically and the locality 
weight horizontally. At the intersection of these lines is a numeral 
indicating the exchange value per gram, taking the value of Canyon 
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Dta^to as unit}' It is thus not a money value, but an exchange 
value index. 

In the next chapter is a group classification of all meteorites 
knoxvn in 1897, giving figures under U (original weight), N, B and 
fj' for each fall. In the determination of U and .V and in their 
discrepancies, many uncertainties arise, and on this account two 
values arc gi%'en for some falls and other values are omitted 
altogether. In some of his value^pairs \\’^iilfing indicates the less 
probable of the two within parentheses. .Again where both values 
are doubtful, they are enclosed in brackets. 

In 1899, the late Professor E. Cohen, author of many important 
scientific studies of meteorites, published a table* collating the 
A\ filling exchange values with the trade prices of eight dealers. For 
eacli fall, he showed in one column the lowest dealer’s price in 
pfennigs, then the highest, and in a third column the medium or 
average of all prices. The Wulfipg exchange values {X f3> he 
gave in a fourth column. This table afforded a basis for comparing 
the theoretical exchange value with the actual market price of each 
fall. 

Professor Cohen calletl attention to the fact that previously no 
account had been taken of the area of a slice, mainuining that this 
feature should receive full consideration in estimating the value. 
Examining the tabulation, he pointed out that about one third of 
the falls compared, showed large I'ariations between the medium 
trade price and the Wiilfing exchange value, Most of the relatively 
low figures of Wfilfing he ascribed to the fact that although the 
masses are very large, they are securely held against partition by 
sale or exhange. On the other hand, many of Wulfing’s relatively 
high figures are due to the fact that they belong to the rarer groups, 
tvbich, according to Wulfing’s critic, come on the market only by 
chance, and with no fixed value. Finally Cohen stated that it is 
not the number of owners which affects the value of a particular 
fall, but the number of owners who are able to part with some of 
tlicir holding, a collector of pieces under 15 to 30 grams being 

*“L*ber den Wulling'schen Tauschwenh d«r Metedriten im Vcrgleicb mit 
dco HandcIspreEsen,” ilUth. axis deta ttatunmit. I'er. fUr Neu-yorfomuiem 
H. RUfffn, iftxt XXXI., pp. 50-62, Greifswald. 
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negligible in an estimate of available exchange material He con¬ 
cluded his review with a conditional acceptance of the exchange 
basis estahlislicd by Wulfing, and welcomed his guidance among 
those final personal factors which in the past have rendered meteorite 
exchanging so difiicult a process. 

In ipCMr the late Professor Heno’ Ward, the greatest traveling 
collector of meteorites, made a new collation^ of seven dealers^ 
prices, contrasting his results with those of Cohen, Professor Ward 
included the prices paid at a large meteorite auction, as well as two 
records of many sales, but excluded all abnorn^al figures. He was 
the first to fully emphasise the fact that a large specimen is worth 
far less per gram than a small one of the same fall. However^ 
he greatly overestimated this variation in saying, in effect, that an 
increase of sixteen-fold in weight deserved a decrease to one eighth 
the gram price. This would make a 16-pound piece worth only 
twice as much as a i-pound piece of the same fall. 

Prcjrwf Factors .—In using the Ward Collation, the writer, in 
common with most exchangers, found It of great valuethut as often 
lacking because of the numerous meteorites commercially quoted 
during the inter%*enirtg eight years. In making a 19^^ collation for 
personal use^ it seemed worth while to check it carefully throughout 
and publish with certain observations. 

The fol!owning arrangement of the main elements of meteorite 
values, attempts only to rouglily indicate the order of their im¬ 
portance. The first factor may make a difference of several hun¬ 
dred-fold in the gram price, the second usually five to ten-fold^ and 
rarely much more. The remaining factors generally involve lesser 
variations. 

¥ 

Essential Faefc^rs. 

i. Present known weight. 

2^ Weight of specimen offered. 

3, Number of owners. 

4, Group weight. 

5, Observation of fall. 

« \''akes of Meteorites; Relative and Individual/’ The Mintraf 
VoT XI., Kq. 7, pp, New York. 
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Oecashnal Factorjr, 

6. Area of slice offered. 

7. Phenonienal variation between individual specimens. 

8. Distinctness of structure. 

9. Missing portions, 

10. Historical interest. 

1. Presfut Knoim Weight .—Wiilfing distinguislies between the 
original weight and the present known ivei^t among recorded 
owners. After the original weight is announced, usually the only 
important loss is by sawing, etc.; hence the portions held by unknown 
owners should not be ignored. In general the present weight may 
lie approximated by subtracting from the original weight, a loss of 
10 per cent, to 30 per cent., according to the extent and manner of 
division. 

Evidently we have here supply versus demand in its simplest 
aspect. TTius, Canyon Diablo and Toluca are at one end of the list, 
with many tons distributed, and respectively offered at 3 cents and 
4 cents per gram, or only double the price of silver. Omitting .Adalia 
and one or two others of which only a few grams are known, we 
may take as typical of the most costly meteorites, .Angra dos Reis, 
Barea and Epinal, with an average known weight of 1,000 grams. 
These bring over ^y.oo per gram, or ten times their weight in gold. 

2. iI eight of Specimnt Offered, — ^This variation is based on the 
iiigli costs of sawing irons, as well as on the consequent loss of one 
tenth to three tenths of their mass; and finally on the expensive 
distribution of all kinds of meteorites to the most limited, yet widely 
scattered, of markets. "While this principle is generally recognized 
in practice, the fact that it is second only in importance to the weight 
of the fall, is frequently overlooked. Altiioitgh excluded by VViil- 
fing, if atlowance is not made for this clement, his system often 
becomes misleading in individual transactions. Its relative im¬ 
portance is shown by many sales. Thus, Canyon Diablo, of which 
fifteen to twenty tons have been distributed, brings in lOo gram 
pieces 3 cents per gram, and $n 100 kilogram pieces three tenths 
cent per gram, or $3.00 per kilogram. That is. a thousand fold 
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increase in iveight means a reduction to one tenth of the p«r gtam 
price. At rare intervals greater extremes of this price variation aro 
shown by wholly abnormal and mist able quotations. 

In the case of iron localities affording a few hundred to a few 
thousand kilos, a ratio ot price variation of about S: i will be typical 
where the weight variation is 1:1,000, This is roughly illustrated 
in the table below by the recently found Amalia, a fall identical 
with the origin:^! Mukerop, 


Qn^LnjKiry rncE9> 

Ejiccptlf^ 

KiEh^E. 1 

Ptr C«Jfr : 

fo Per Ccnl, Funber 

£a Fa- Cent. l-'liial 

Very thin elini ot 
JO 

(&.OJ km 

TWn of ftbotit 

300 iprams (0.31 

kilo) 1 

1 

Thick eUccb of atsout 
3O00 granm (3 
kLlof) 

Very thick sJiceA or 
•end-plecca of about 
30,000 jjrams <30 
kilos) 

e cents per 

($60.00 IcJlo), 

Pri«, Si.So _ 

4 «itta per Rrarn 

1 tSntOrOO per 1d(o).l 
: Prici:. S 1 J.oo 

3 ^ cenLE per gram 
($ 30.00 ptr kilo). 
PrEw, S60.00 

,a,S cent per {cnani 
j (SS.QO per kilo). 
;PHce. Sz4^.oo 


One universal tendency^ is for the price variation to lessen 
directly wdth die decrease in total w-cight. so that in meteorites 
totaling less than l,oOO grams, the price variation may not exceed 
3:2 in a weight variation of t: to. Tlierc arc two elements in 
price variations between 30 and 30,000 grams. The first element is 
difference in weight and the second is difference in thickness. If we 
eliminate the latter, there is less price variation. Thus an iron slice 
of 3,000 grams, measuring 20X20X i cm. thicki is worth nearly 
as much per gram as a 30-gTam piece measuring 2X^X1 cm. 
This is partly because the rcblive cost of sawing a large slice is 
more than for a small one. Stony meteorites have a smaller ratio 
of price variation, generally ranging below 4:1, in a Aveight varia¬ 
tion of 1:1,000, because the costs of sawing are less than for irons. 
Further, single stones of over 2o kilos are somewhat rare and are in 
demand as complete individuals^ It may be further noted that 
collectors differ as to whether aerolites are better sawed or broken^ 
The latter method of divisioit avoids w'aste of material and labor 
costs, and affords a broader fractured surface; at the same time it 
does not prevent polishing a small face if desired. In falls diS- 
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titiguishcd by an abundance of snial! complete individuals, their gram 
price is somewhat lower than that for slices, because of the sawing 
cost. Examples are Canyon Diablo, Toluca, Estherville, llocs, 
Pultnsk. Molhrook, etc. 

j. Number of Owners ^—^As pointed out by Cohen, this, to a 
buyer, is secondary' to the number of those who migltt part with 
some of their holdings. Omitting irons seen to fall and localities of 
which the original W'cight was much greater than llie present re* 
corded weight, the market values of llie following arc more than 
three times those of Wiilling: Barca, Bendego, Daniers Kuil, Djati 
Pcngilon, Elbogen, Emmitsburg, Epinal, Juncal, Krahenberg, La 
Caille, .Molina, Nullcs, Petropavlovslc, Red River, Tieschite and 
Wold Cottage, hor tlie preceding list, the average number of re¬ 
corded ow'ners is at, but only one or rarely tw'o owners of each fall 
have an excess over their own requirements. Wulfing's low price, 
based partly on the number of owners, is here in great measure 
explained, ffcvertheless the disposer of a meteorite, in evaluating 
it, will consider the likely exchangers, lowering his price according 
to the number of those who already possess nearly as much as their 
probable requirement. 

On the other liand some of the cheapest meteorites in the market 
are held at first by some one dealer whose policy is to sell at a 
figure which will dispose of his slock within a few years. In nearly 
all cases where a locality is so controlled, the price is lower than tile 
W' ulfing value, and far lower than if held by a large institution 
which has partc<l with little or none. The high exchange offers 
which the institution receives, even though uninvited, tend to elevate 
the trade price until their exchange policy loosens. Many of the 
highest ruling prices are largely due to such influences. Further on 
this is dearly shown in a comparative analysis of the Wiilling i-alues 
and the trade prices collated by Cohen. 

This factor of available weight, so dependent on personal in¬ 
clination, is the most uncertain of the essential elements, the fall 
being almost unobtainable where it is presen'cd entire as municipal 
or church property. Between the extremes cited lie those meteor¬ 
ites held in public meteorite collections, where the policy is nearly 
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always the presen-atlon of a fall in il5 entirety. For the 

purpose of studyp a broad slice Dr polishccl end piece is quite as 
valuable a$ a large mass of iron. 

4. Grouff Waright .—Stony meteorites are classified in groups ac¬ 
cording to their petrographic structure and composition; irons ac¬ 
cording to their crystallization. Wtilfing gives this second position 
among the factors of value. He calculates the total weight of each 
group, giving to individual falls a value influenced by the group 
weight. 

5. Oh^cn-athn of FafL—This factor is placed eighth and last by 
Wulfing. His final exclusion of such a factor constitutes another 
limitatton of his formula, as may be seen by a comparison of actual 
selling prices with his theoretical values. Of about 300 known 
irons, only nine have been seen to fall. Comparing only these 
siderites seen to fall and listed by Wulfingp which have Ijeen re¬ 
tailed: Agranip Charlotte, Braunau, Row ton. ^lazapil, we find that 
Wiilfing's theoretical value averages for these five falls 55 cents per 
gram, w*heresis the last quoted selling prices averaged $471 l>er 
gram, showing that sellers have rated irons seen lo fall at more than 
eight times the figures that Wtilfing accords them. 

Four siderolites seen to fall. Estherville, LodrariH Mincy and 
Veramin, which are collated by Cohen at an average of ?3-o6, are 
estimated by Wtilfing at an average of $4-4-2. This comparison is 
quite inconclusive because of the unceriaiiuy as to the location of a 
large portion of the original weight of I-odran. As Wulfing 
estimates it by the present recorded weight, its value is enormously 
inflated ($15.71)^ thus nullifying the results. Eliminating Lodran, 
the remaining three are averaged by Wulfing at $1,99 atid by Cohen 
at $6.61* showing that siderolites seen to fall are estimatetl by 
Wulfing at less than one third their market value. 

But when we examine the aerolites, vve find that out of nearly 
400 known Stones, only about one twelfth have not been seen lo fall. 
The following ten aerolites not seen to fall, are the only ones quoted 
by dealers and estimated by Wfilfing: Goalpara, Tomhannock Creek, 
AVaconda, Prairie Dog Creek, Long Islancl, Salt Lake City, Me- 
K-inney, Bluff, Pipe Creek atid Nlinas Gcraes. The average of the 
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last quoted medium trade prices, is 75 cents, and their average 
Wulfing price is $2.20. Thus on stones not seen to fall, WiUfing 
estimates about three times the market value. 

6 . of Slice .—^Accorditsg to Coheti^ a section of relatively 
large exhibition area is of more value per gram than a thicker piece 
of the same weight. Of two pieces of tiie same iveight^ the one 
having the larger exhibition surface will be chosen, as better illus- 
traliiig the variation in structure, cr^^stallibation and included 
minerals, besides making a more impressive display. However, 
most 191 - catalogues show no apparent difference In the price per 
gram because of differences in thickness. While there i$ little 
advantage in a slice of iron 20 to 30 cm. broad being more than 
l cm. thick, some siderolites and aerolites require a greater thick¬ 
ness because of their f^iab^lit>^ Quite apart from the relative de¬ 
sirability of two pieces of the same weight but of differing exhibi¬ 
tion area, is the large item of cost, since a thin slice costs propor¬ 
tionately more per gram for sawing and wastage than a thick slice. 

7. Phcnofneml betzi^ai Indh^dual Stc€imajs.—lu- 

teresting differences between individual slices or masses of the same 
fall are often seen. In aerolites^ one fragment or slice ma}' (l) 
have much more crust than another; (2) it may show a slickensided 
surface; (3) primary and secondary crust formed before and after 
exploding; (4) radial lines of fusion flow on the front, with thicker 
overflow on hack; (5) brccciation, etc. In irons, one slice may (i) 
rarely sh^w hieroglyphic characters and often nodules of included 
iron comirounds; (;2) twinning; (3) a how^age of the usually 
straight Widmanstatten figures; (4) on the exterior deep pitting, or 
fiuidal lines; (5) more commonly, marked octahedral cleavage. 
Such features increase the value of one piece over that of another 
of tlie same weight and fall which is less interestingly marked. .An 
extreme case is Canyon Diahio, valued at 3 cents per gram. When 
showing diamonds (of no commercial value), the price has exceeded 
30 cents per grani. 

8. Di^tinchicss of S/nifIfirr.^^tlier things being equal, bcauti^ 
fully crystallized irons and stones of striking chondriiic structure, 
are prized higher than those in which the crystallization is clouded 
or the stmetpre quite indistinct^ 
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9, ^fissi»g Perf(D»^,—This factor concerns verj- ftns- meteorites, 
but where formerly unobtainable pieces are secured, they naturally 
cause a depreciation in the price. Such a drop is sometimes dis¬ 
counted where the ultimate availabiUty of the missing portion is 
a5siiretl. 

10, Historka! Interest. —Comparatively few fails are affected in 
value by this clemenL Where a itieteoriie has fallen near a town 
and has been preserved as an object of civic pride for many jearSp 
as in the case of Krahenberg, Elbogen and Ensisheim. its valne is 
greatly enhanced, since it is practically unobtainable- Again^ when 
It has been worshiped or venerated by primitive or even civilized 
peoples, as in the case of Wichita, Durala, Kesen and many others, 
its value IS slightly increased. Finally, the one or two prehistoric 
meteorites (Casas Grandes, Anderson, etc.) have a somewhat higher 
value because of their ethnological interest. 

The rp/.? —Leaving the general discussion of values, 

we may examine actual prices as shown in the foltoiiving table. The 
totals of 241 falls collated by Cohen and 366 by Ward, are here in¬ 
creased to 465. To facilitate conipartsofis w'ith former periods^ the 
collating rules of Ward are observed: 

Only specimens under 400 grams weight are included. 

Original sales by the finder are excluded. 

The catalogue price pW gram of a fall is determined by dividing 
the total price of the catalogued specimens by the total vveight. 

The following priced are* in the opinion of the wrUor, abnormally 
high and often erroneous- They were excluded from the collation 
because based on comparatively Insignihcant material, generally 
fragmentary. They are more than 50 per cent, higher than the 
next lower price collated for the same fall: Benares, 53^>0* 
Bischtube, 44 cents; Bjurbbk, 59 cents; Bluff, 15 cents; Brenham, 
30 cents and 40 cents; Canyon Diablo* 19 cents; Charcas, 37 cents; 
Coahy's Creek, 25 cents; Crab Orchardp 25 cents; Dona Inez, 2J 
cents; Estacado, 12 cents; Estherville, 44 cents; Hesste, 76 cents; 
Homestead, 36 cents; Kemouve, $1.00; Kesen, 73 cents; Kules- 
chovka, $6.00; Medw'edcwa, 60 cents; ^lincy* 31 cents; Kdson 
County, 63 cents; Ness County. 16 cents; Nocolcche^ 75 cents; 
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Saline, 79 ccitlsj Trctitortf 23 cents and 4-2 cents j Wichita, 33 cents p 
Zaborsika, $8.00; Zacatecas, 78 cents. 

Xo prices arc omitted from the collation because of being too 
loi%'. The following however are some of those which are more 
than so per cent, lower than the next higher price or Wiilfing's 
value, where no other price is given. In the writer's opinion these 
figures arc too low. Nearly all are for fragments of a few grams. 
Bath, 30 cents; Black Mt., 33 cents; Bustce, $1.00; Copiapo, 33 
cents; Dalton, 6 cents; El Capitan, ii cents; Harrison Co.. Si.00; 
Ihbenbuhrcn, S1.50; Le Pressoir, $1,25; Mantos Blancos, 38 cents; 
llotta di Conti, 38 cents; Nammianthal, 75 cents; Orsinio, $t.2o; 
Pipe Creek, 17 cents; Pirgunje, $1.50; Reed City, 13 cents; Rich¬ 
mond, Si- 20; St. Denis Westrem,Si.oo; Salt River,91 cents; Uden, 
$3.00; "^atoor, 33 cents. Tlie lowest Toluca price is based on 
several slices. One small complete mass listed in the same catalogue 
at 1 cent per gram is excluded. Hie iron-shales resulting from the 
oxidation of the Canyon Diablo and .^ugustinovka irons arc omitted. 
The Wiilfing (1S97) exchange values of the following falls arc not 
quoted, as their subsequent re-classification probablv gave them new 
group weights: Barratta, Carlton, Eagle Station, Crab Orchard. 
Dakota, Imilac, Kendall County, Mejillones, Salt River, Shingle 
Springs, Summit and Zaborzika. Wiilfing’s value for Fisher is 
omitted, being erroneous because based on incomplete data. 

Only seven dealers issue catalogues. Two American and one 
European publication have names and prices printed and are not 
annual, being dated 1912. 1907 and 190S respectively; two European 
have names printed but prices written in, ivhile hvo small European 
lists were nicrely ti’pewritten. 
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The critical sfrutiny to %vhich theoretical prices are usually sub¬ 
jected should not be discarded in considering Lhe following trade 
figures. Tbey are not reproduced here as being true value indices in 
all cases, and should therefore be analyzed before accepting them as 
a guide in any important transfer. 

The total Wulfing exchange values of ^4® having both 
Wulfing and 1912 values, afford the factor 3.1904+, when divided 
into the total of the corresponding medium 1912 values in the present 
collation. Hence the first column of figures is Wiilfings theorelical 
exchange index multiplied by the approximate factor 3-2.^ Wlierever 
Wulfing gives two figures as of equal probability, the mean is em¬ 
ployed. If he prefers one of two giveUt the preferred only is used. 
Where he places both values within brackets as doubtful, both are 
omitted. 

The second column of figures gives the 1899 medium market 
prices. 

The third column gives the 1904 medium market prices. 

The fourth column gives the low^est 1912 market prices. 

The fifth and last column gives the medium 1912 market prices. 

The highest 1912 price of any fall may be roughly calculated by 
comparing its lowest with its average price for 1912. 

Prices arc frr ymm iii doUars^^ cQuntmg Jlf^/ = 4/— =$i.QO. 

^Thc afifaroEimAte faclor used by Coben waa 3.I cenls (13 
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ij 

— 

■15 

,11 

,12 

— 

— 

5 SO 

— 

— 

4 S 

■»S 

,x6 

,fa 

,30 

. 2 ^ 

2.Q0 

1,40 

-97 

.97 

3.09 


lpi 3 


1.04 


,t 9 

1 $ 

.13 

-15 

— 

— 

— ■ 

,46 

x40 

l,Sa 

2-SO 

1.50 

— 

— 

-lA 

— 

.63 

■75 

75 

■74 

— 

— 

i ,35 

t^as 


T.07 

2.00 

4,60 

4.0a 


■40 

-30 

,48 

.50 

U 

'75 

M 

ThOO 

1,15 

■51 

,34 

.13 

xll 

,11 


_ 1 

“f 

.33 

.33 

x,6o 

— 

J .34 

Sroo 

5.00 

■35 


-74 


.96 

1 3.62 1 

idp 63 


— 

— 

— 

— 

,36 

,15 

.19 

-99 

—- 

,84 

1,04 

1-09 

■— 

—- 


■05 

.05 


xlO 

.14 

p 13 

,[6 

1 -35 

^19 

.09 

xQfi 

■*3 

3 ,03 



- - 


— 

—1 

30 

.35 

1 p 35 X 

.36 

-aa 


,08 

.15 

^74 

— 

xB 7 

3,00 

3.60 



1 -19 

.31 

,31 

,43 

-44 

,53 

1 -S 9 

,76 

■ 


, ^■■ 

.10 

,14 

7-30 

1 

4*00 

“ +13 

1 SpS6 








iUti- 


Rcd 


Qb 

Ot 


Com bom me 

field >...., 

Cranbou^lie 
bouriwK 
CMOS'S Tliribera. 

River, 

CtiGma\iicB. + + 

CyiiE.hiaiui. -.., 

Dalcftta, ,,,,,. 

DaJion ........ 

Dandapur x. ^ + . + * ^^, 
DojugI's Kuil ■ r i 
Danville 
D<4p Springs. .. 

Denton County . 
DescubTidQra,. ^ 

Dhulia.. + 

Dhurm*ala, . 

Djail Penicllon. . ^ . x. x, 
DolguvoLI. 

Dana Ln». . + , x , + IM 
l>am da$ CanipCKj For-[ 

naogua--- - - .xxJCwa 

Dornnin^k. ----^ * .rCBb 

Drakfl? Creek. ,, x, x , . x 


X , r ’ 

Of 


c* 

-•‘0*8 

x - - 

Om 

. , r 

CI&.. 

,,, Ck 

XX .JC^ 


m 

, . X - ; 

Om 

r , . , 

Om 


Cm 


Ci 

L , X J 

CJt 


C« 


Durata. 

Duniiua. . ^ . 

Eojlle Station n.,. 
Ekatcrinnalav, 
Mtkr<tvltM>vka, 

ElboRtn. --. P. 

El Cnpsltan. .X, .X 
El^iteru, MG Conetij de 
Oulfl. 

EEm Cxeckx * 


Cia 

Cia 

Pr 


Om 

Qm 


Cca 


Emmitsburg ,., . ,., x, .iOm 
Eniisbeim , x, + x x, Ckb 
EpinaLx. x *,,.,,, x x , ., Gc 

Erglieo - - .x.xpx.x, C\b 

Ei^fleben. ,,,, x, , Ck 

Eatoe^tdo, _,,xx.x,x Ckm 

Eathervllle. __ M 

FarminiElon.... x, Csa 

Favarji. x # x * Cl 
Fayette County, 

Bluff. 

Fisher* ..xx,^,,,,,,x -iCkt 

FHjrrst-, , ... Ceb 

For*ythx ,, .x, Cwm 
Farajth County ,, x x, x. Du 
Fratt Dnncm. ate Con- 
liuila. I 

Fun St, Pfme, ., X XX, xbm 
Fnuicevilic,, , *, x, -, . jQin 
FmuTtfort. x X,, X , x ,, ■, ito 
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NhAC I LDCalle|r]i, 

Sfpibei. 

WtUftntf 1 
'Eiidiaji^ 1 
V«h« lifiij^, j 

Cdilfieti 

CaUuiaa. 

Wpinl 

C^lLatke. 

1^, 

Kixile 

Co][a{|«nt 

Lo¥reftt- 

FwAt 
C-[x|U|i«A, 
H^d. tfiK. 

FuTwbpur, ___ 

Cwa 

,06 


1,50 



.. 

Cia 

— 

I-04 


_ 

,,_ 

GlIj^oiii. 

Ck 

— 

-- 

.IS 

,Z1 

-11 

Girgcnti. 

Cwa 

96 

1.00 

J-k 3 

4.07 

a,07 

.13 

GLoricta MauRlaln... . - 

Qm 

,13 

,25 

,30 

.J 3 

Gnadcnfrei_ _...... 

Giuirrenbiir^, sec 
mCrv'^rcic. 

Cc 

l,6o 

5-09 


I.oo 

i.oa 




Goalpaia.... -,,. ^ 

CoBmm, ^ Muktro|>„ 

U 

s-63 

— 

3^90 

— 

— 

Graai] Rapid#.... _ _ 

Gf 

.35 

.16 

,13 

-13 

.ip 

Gnat Ftfh River...... 

Of 

1,70 

— 


2-59 

4.59 

GrdeBdJa............ ^ 

C# 


3 ,»S 

3 .o:|r 

I-00 

1-00 

Grofl^Liebcntlkal ^ , ,,. ^ 

Ch'b 

93 

1-75 

.£9 

.50 

M 

GrtLoebers.... .. 

Cga 

2.03 


T ,00 

^ 1 

! 

Guarafia.... 

Ck 

-ss 


1,50 

_ 


HaiahdEt ^ 

M 

’45 

— 

45 

, 3 & 

48 

Harrison County + ^* 
Hartiord (Lina County) 
sea Macicnp 

Cho 

a ’45 



1,00 

l,' 0 O 

Heredia... 

Ceb 

3.03 

■ — 

—* 

3 -S 9 

^■S 9 

HeisEe.. _____ 

Cc 

-45 

,s^^ 

1 .44 

,38 

.43 

Hes River. , 

HotbriMk. 

K 

Cek 


rI 4 

f 7 

,50 

.09 

U 

,09 

HtjlEond'i Score, *. 

Ha 

■93 

_ 

1 47 

Homwtead... 


.33 

-ts 

^ * 

,t 5 

.10 

■ 15 

HonoEulu. , + 

Cwa 

-96 


t.iS 

2,D0 

3-90 

Hopper ^^+ , + ,, 

O 

— 


! [.30 



HrasehEna. #ee A»ram, 
Hueju^uElla. see Chu- 
padcros. 







Hunpen. ^ . 


4-79 

— 

4.00 

_ _, 

_ 

Hviltis. X . + , 

Cek 

— 

— 



-98 

1 bbenb^ihrea- ,......,. 

Chi 

445 


t 49 

r.50 

1,50 

lIEmaE --------- 

Om 

4a 

— 



■45 

IrniSae.. . . .... 

Pi 


44 

,13 

■17 

■19 

Inca, sec Llano det Inca. 



Indarch. ^. 

Kca 

1.60 

' 3.33 

3.17 

’89 

-89 

Independcnec, «e Ken¬ 
ton Conaty* 



Tndlan VaRle^^ ___ 

Ha 

— 

— 

_ 

■74 

■74 

3 - 5 Q 

Indjo Rioo. ........... 

Ck 

— 

— 

- — 

a-S 9 

Jquiquc. ^, 

Pc 

1.43 

— 

.90 

— 


InwSell. -------- „ , 

H 

— 

- — 


1.49 

Er 44 

Ivanpah. ... 

Ont 

.36 

— 


.14 

, [4 

Jackson County. ...... 

Pen 

1^63 

’— 


3^93 

3,03 

Jaiueslown . . .. ^.... <, 

Of 

1.2^ 

.36 

, 3 S 

43 

,62 

Ja'myBcheva. see Pavl^ 
dar. 





JelEca .... 

Am 

.9* 

-37 

.38 

140 

1-50 

Jenny's Creek ........ 

Q& 

.04 

M 

■53 

,39 

-39 

Jer Ante ^^. 

Cek 

— 


,i &0 

,20 

,20 

JeweEl 

Of 

-45 

i -61 

47 

’ 7 S 

■75 

Joeri Imn............ 

Om 

-74 

1,70 


1.67 

1-67 

Joe Wrivllt MitUnlain .. 

Om 

.*0 

-37 

’24 

,»o 

-39 


















































FOOTE—FACTORS IK THE 


lApiil li 


f>U 


NmiLC 


WtUfinx 

C^ibiiA 

Wud 

Fwwe 

Fwtt 



CcUuiDB. 

C^tukKL 

CfirtUiLoO, 

CoiUtilllK 



V|Ju« 1 

3ilcd. 11994. 

Ued. zgfOl- 

]jawcM. 

Mtd. 

Jofltac.*.**.*..,,i 

JuiijcbI^+ ., 
Jfu^lna^,^ ^ ^ 

Eu 

Om 

Eu 

i.e$ 

4IA 

58 

-£* 

l4]l 

JxJS 

-33 

1.^ 

49 



Ka^iicfg, a«c 0«^1. ; 

Kitia .. 

K 


!l ^_1 




Katuuigmiu. ^ n. X....,. 

Kaasada, itt Kcm* 
County. 

Kimkol.............. 

^oue 

Cw 

' 

Jr7'4 

I.S« 

■*—^ 

— 



Koran] d ^ see VeFO-EELlii, 



mmhn^ 



KeDdBlI County . 

Hb 

— 

.16 

.33 


.25 

Kcmon County __ 

Om 

4I6 

.16 

.09 

.06 

■07 

KermitbeL . *. ^ ^ , 

K^mouvf^. . j _ _ _ i. 

Ck 

Cka 


.67 

11 

1.448 

1.48 

iC A 

Kcscn..^*,,., . . 


■*1 

4JSU 

Ceb 

*91 

.55 

.36 

rlj 

x]8 

Khairpur, , 

KJJboum __ 

Ck 

Cfia 

Om 

xS& 


1,71 

1.67 

1.67 

1 At 

K^nicstoii . , ^ ^ 

Kirin Menaw, . ^^. 

x. 6 q 

I 10 

1 1 1 

4.67 

-46 

X.3^ 

4.07 

* 4 ^ 

IrJJ 

Cefc 

Kidii WtntlHi .. 

■ '■4“ , 


Ck 



.74 



KnyalUnj^.. 

Ck 

.to 

i7 


boS 

.13 

Kodaiikniinl .., ^^ ^. 
Kokoma.. _ ___ 

Obk 

TN? 

3'-03 



-60 

4’3I 

b60 

4-31 

Kotsia-d _ __ 

C't 

■SO 


Om 

Cbo 

Kr^enbetc .* 

Kra^noJatAk, see Med-' 
wetEenn. 

Kr^win. sec Tabor, 
Kuleschoi'ka. -4-- 

■99 

7 J. 

34OD 

IbOO 

z.Oo 



Cwa 


La Baffe+«« Ep^nal. 

’14 



La B&ea«$e ... 

Civ 

L75 

_ 

1.04 

_■ 


Labord___ _ . + .*. + 4*1 

Cib 


Iris 

I4OO 

— 


Cnitle.. 4 . +, +., H ,. 4. 

Om 

.0^ 

M 

.78 

*79 

■T9 

La Grange4 4,44*,,.,,, 

Of 

^35 


■37 

■aa 

.60 

.60 

L"Aigle L + +,,, r...... 4. 

Cih 

.74 

-xrt 

bEB 

420 

or 

Lanc^.^ 4 . 4 ..... 4 . 4 . 4 

icc 



Lan^ioa ..^^ 

Cia 

■>4 

I406 

I4J0 

.po 

.$2 

.91 

La Primillva.... .4 * + 4. 
Laftdany. see Liana. 
Lnurtna County....._ 

Op 

Of 

X.O9 

t406 


■w^ 


Lea Iron, bh Clcve^niul. 
Leljihtoa. ..4.--__ 



.90 

a.fi6 

*^S 

9 bS 6 

Cib 

Om 

Ltnano... , . + . 

.]6 



Le PreisoEr.. -^...... 


"■*y 

Cc 

Cw 

a.02 

7.i7 


j trJS 

Le* OrtncftL ^+ 4 . *. *. *. 

■4" a 

“452 

4.00 

_ _ _ 

Lotve* .. . .. 

Cw 

t s-^l" 



THUcul .... 

Ho 

g.ft 9 


l B ,1 J 



LexiBBton County^ 4 #.. 

Ofl 

1 -54 

1 -- 

-33 

.27 

.27 

Lkk Creek ... 

H 

99 

■rZi 





Lifnr Crrele. .. + ..... ^. 

H 

.24 



LLmerklc .. *. *... 

Cgb 

CT 

“■75 

■3l E 

.83 

i2l 

Sj 

Linn C 044 , aee l^arinn. 

s-il 


1.19 

LioniHlle. 44 

Lion River. .......____ 

nOb 

.Of 

7.65 

.36 

A jk 

T.SO 

-3B 

6 rOO 

5bOO 


+V-4 


■3» 
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Sji'inbaLL 


Lissa, 

Litcle Pinej:'. -.., ^^. 

Lisna, -- 

l-lanu d€l Inca... 

Lockpartr C^tnbpa. 
Locuat Gmv-fr. -. X *, + ^. 
Lodran.,■>. ,. 

Lonn IsJand. ^ x ... 

Los$e. see Barbotaa. 

Ldfttcawm..# -. x + 

Lucky HiU. .. + x, + *. x. 

LuiS^ LOP^Z. . XX, r,. ... 

3^facao. X. X X., __ 

MncqiLaire BEvtXx.. x. p 
Madoq,X. + , 

, ,,xxx,x.*,._ 

Mantura.x. -xx*...,. 

MaEnz.. x x^^ ^ 
Maabhoam,., x ^^, x * 
^1aiiCp9: Blaueoa. * x,. +. 
^larkpfL, ,. X. px,,,.... 
^^arjahlatEj... ^^. 

L..xXrrxx.xx.-,.-r 

^taucrkirchcn. x. x ^. x., 

MazapiE__ _ xrx. 

McKihncyxx+ 4.. x .,. . x 
Med^^icdevL’a* .. x.. 
MrjEllaneflx x... + - - 
McnoWx Bce KItIn 

Mfftowx 

^ItrccdtLii**, ... x, 

Mtmx K , . .. . r 

Mejji--Majlarng 
Mhjow.,,, X X. X X,,,, ■ , 

MidL Vliaecp Tysncff. 

X - X , , , r X . - . . X , K 

MikuMiBkoL iKa* Gmanajo 

Mtlcftfli,___ XX,, . Cw 

Emm Gcxhc^x + 4 i,. -. X ' Cwa 

Miiicy.. XX - Kx, xx. xxx .|m 

Misabjaf X X x x.. !Cc 

Miatcca,.. Om 

. . .C™ 

Modoc. X .XX4..X....X4 C™ 

Molina.xxixxx.x.x..x, Cjjlj 

Monrocx ... p,, *,, Cki 

x\locranop]>rn X. ...Oks 

Moorafort. -...iCcb 

MordvinQvka... + Cw 

^romg^owfi, .. , Me 

Motta dJ CentE.., x... Cc 
M otsnt Browne.,....,. Cc 
Mount Joy X.. x,. I.. x^ Dj;e 
Mount StirUnKx.... x 4 . Qh 
M ountVmvon.. x. x,, , Pk 


Cwb 

Cc 

Cga 

M 

i;^ 

Lo 

Cibl 

Om 

Om 

Om 

Ck 

xM 

Of 

CEa 

Og 

Cia 

Am 

Of 

Cwa 

Pi 

Off 

Cw 

Om 

Ce 

Pit 

Me 


Om 

C 

Ceb 

Ci 


'vfmrnsL 

L Ezidiangc 
VaJwe i^ji- 

Cob«i 

CollriidiDa, 

^tcd. 

Wuit 
C^IUtl^iip 
Med. ij^Of. 

Fedtr 

CciUrndPiq. 

LewEmi. 

1 Fswte- 
CDllldoil, 

.SB , 

1.33 

'9T 

_xx 



— 

— ■ 

5-90 

l.OO 

1 -^4 

1 1-56 

,^1 

I.OO 

Jx-OO 

*74 

1 -M 

■13 

*4 

■97 


.57 

■ IS 

'38 

■3S 

15-71 

5,65 

3-65 

,,— 


ja 

.£] 

1 

.03^ 

AO 

S4 

^4 

.16 


! 

■77 


— 

1.00 

l.DD 


— 

.3& 

.15 

'3? 

txaj 

— 

i^73 

3,>S9 

3.$6 

— 

— 

— 

,91 

^91 

x3a 

1.35 

- — 


_ 

— 

-5^ 

*63 

i-SO 

1.50 

■*3 

■15 

,0^ 

.[O 

xld 


1x3 7 

[xlO 


—. 

2-6i 

3x53 

3.10 

3xt4 

3-55 



' - 

'38 

■!^S 

■*7 

! -55 

,30 

x30 

'37 



— 

■44 

-44 


— 

■S7 

— • 1 



uU 

■73 

+ — 

— 

-77 


3.40 

5-59 

5-59 

.£6 

.17 

.16 

.05 

xl 3 

.lO 

'47 

.33 

■34 

.25 



.30 

E.OO 

1,00 

xip 

.31 

-33 

.35 1 

-39 




■71 

.71 

-41 , 

1 TS 

'73 

-31 

■31 

3 - 5 S 

—' 




XxOo 

3.60 

i. 7 ^f 

1.34 

1,35 


IAS 

■97 

I.DO 

1.00 

2.1S 


— 

■ I.«2 

i.83 

.46 

.17 

xi7 

.14 

*17 

1-20 

-■&S 

.64 

.64 

.67 

,23 

-35 

■14 

^11 

.18 

.36 1 

.11 

.D$ 

x 03 

xia 


^ 1 

— 

-40 

'41 

■3S 


3 ,S 5 

3,50 

2,50 

M 

.67 


.99 

-95 



.63 



,p6 

I. 5 S 

1-13 

3.00 

2.00 

1 - 3 1 


‘— 

1.35 

1,85 

K.X. 

,39 

4I4 

xt2 

.31 

i-oS- 


■57 

-38 

- 3 & 



— 

1*47 

1.47 

.36 


xIO 

xH06 

.08 


.32 

■T 7 

■ 17 

xi7 




.36 

.36 
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FOOTE—FACTORS IN THE 


{ApirtI si. 


1 

KPrPDC (l,ACBU 4 y!l. S-ymbdl. 

EiO^tUMK*^ 

ValiK ZI197. 

C« 4 i^ ^ 

C'olliU krill- 

Wild 

C«U«l 9 ri. ' 
yiMl. Bgoa- 

JSSMI 

k'olklkpClLt 

Fciote 

(;DPjKtioa, 

SdciL 1 ^ 13 ^ 

Mychi^jc£iofi Tuc^n. | 







MukcJrtsp femct 

— 

— 

.to 1 

.10 

+ [3 

3 k]ukirr 4 ip(Ai 3 iyliaFBT}Ti) Off 

— 

— 1 

“ 

□4 

.64 

Mukcrop. (Goannia)... 

— 



.od 

.qO 

Mun^jadi.....CMf 

” j 

.35 

49 

.IS 

49 

MuOrttonalujta..- ■ 

— 



4 S 

. 7 S 

Mu^{ree 3 b<i^^^^,,. ^^ - - ^lOm 

45 

147 

-J 3 

1.37 

147 

Murphy........ r. i + * +iK 

— 

— 

.la 

.[4 

.14 

Xjii£ 4 yB........... r, . K 

?.d 5 

Z.S5 

— 

i.S* 

145 

NaxyA'a^iiSffliiy + --- ‘Om ' 

1.03 





Kammliaiitbal. * .*. + ... jCca 

3 . 7 S 

—‘ 


.75 

.75 

Nanjcmoy ...... r..-. r . iCc 

9 * 

.70 

t.aj 

a.SO 

a.Sd 

Nejffi . + + ;Oiii 

.Ip * 


43 ' 

.[I 

p 1 1 

NeEwa C^iunty^. ^..... OSB 

45 


-id 

.14 

49 

Xc-nntyianidoff. # + ..-. H 

45 

— 

■35 


— * 

Ntrft..... CEa 

■74 


.65 

45 1 

■75 

Ne^w^ Cqunty.----- C\b 


4 S 

.1:1 

■97 

.07 

KctfiCtia^vq, 9 ee Tula, 






. 3 ft 

J^cw Concord ,. + . 4 .... jt 

ria 

4 $ 1 

.da 

■31 

.^a 

Nfiwton County, vx 
IblLcicy. 







Nk^wi _ ,. 4 4 p .,...... * 

”cn 

5 79 

384 

rMa 

— 


N'Gonrf yma 

JbzE 

— 


— 

■33 

■33 

.. 



— 


.59 

-59 

XOhlctKlirOUEh ....,+ n 


tS 7 t 


3,5 a 



Nocolactw...... -. 1 *^ 

— 1 

. 6 d 

45 ' 

.as 

■39 

NoVO-Um .4 4 ......... |C 

5 -<^J 

4-on 

1 3 S« 

a.as 

3.1a 

Kull^S, -- pBb 

Oatdcy .. . JCk 

■93 

— 

3.00 

1 


— 

— 

.14 


-^ 

OtH/mkirehcn.... 4 .... ' 

Di 

■ 3 ^ 


37 

- 7 S 

*75 

OcEiftnak* m* Tahory. 






.87 

OCBCl , - . 4 fc r + = . . 4 ... .. ' 

Cw 

i.ftg 

1.30 

[-T 0 

.73 

Okniny .. 4 .+.4.444 + .+ 

C|rb 

7A1 

— 

a.ia 

1.50 

1.50 

Old Fork^ #« jenayV 
Creek. j 


.16 


.63 



Oran«e River .. 

Om 

.71 

—’■ 


OrUUeil. . . 4 ........ r . r 

K 

J 4 B 

147 

.S 3 

.SO 

*75 

OrniH-B. •■ 1 • 4 -1 . - ■.... -. 

CXQ 

335 

9.5 a 

1.63 

4-90 

4,00 

OroviEle . .. 

Om 

— 

1 “ 

■44 

43 

.aa 

Orvuii<^ ..++. + .P.4..., 

Ca 

44s 

14a 

1 r.fKJ 

140 

a.ts 

0 «curn Mountains. ...., 

Og 


■47 

■ 3 * 

■ 2 S 

■49 

Ottawa 4 + ..,.....-..- 

•CJia 

— 

3,75 

— 



PttCwla, 4 . r T - 4 ... 4 .... 

Cwb 

4-13 

t.dO 

44 

1.90 

2 X>Q 

FaSlai^ pw Medwtdewa^ 

C& 






Parnalle* ... 4 ? + 1 ..... 4 

■as 

.40 

51 

.34 

■S 3 

Pnvlfklar\. 4 4 1 4 + 4. -. *. - 

Pk 

, -n 

^■I 5 

,90 

■^1 

. 6 d 

Pavlovka. ........... j”* 

l^^^karPEnj; Rock. ie<el 

549 


1 l,o 4 



Youndnsin. 

|Ho 






PcterabujE- ^ ......... 

—' 

— 

lO.DO 

16.00 

I^tropavluvak . « ■.. .i.. 
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PnVf —In comparing the nie<]inid prices of 190 fills 

collated alike by Cohen, Ward and Foote, we find that the average 
mediiim price decreasecl 27^ per cent, froin 1899 to 1904, and in¬ 
creased 18.6 per cent, bemeen 1904 and 1912, Of all the falls 
collated in 1912, the following 52 have advanced in price more tlian 
one half since 1904: Alais, Auburn, Barranca Blanca. Bath, Beaver 
Creek, Bethlehem, BishopviUe, Bridgewater, Csihtzzo de Mayo. 
Cambria^ Cape Girardeau, Casey County^ Charlotte, Chassigny, 
Colfax, Coopertown. Cuernavaca* Datitel's Kuih Danville, Duntman 
Emmitsburg. Forsyth, Girgenti. Hex River, Honolulu, Jamestown, 
Jelica, Grange, Linnville, Locust Grove, Macao. Maeme, 
^fazapil, Mcjillones, Moores fort, Murtreeslwro, Naiijemoy, No- 
coleche, Obernkirclien. Omans, Pacula. Putnam County^ Rasgata, 
Reed City, Rhine Valley, Russel Gulch, Saint Mesmin^ Scottsvillei 
Senegal River, Victoria, Warrenton, Wold Cottage, 

The following sevenieen have decreased in price more than one 
half since 1904 ‘ Bischtube, Black Mounlatn, Canon Diablo, 
Castine, Chupaderos, Copiapo, Cranboume (Melbourne)* Grosnaja, 
Indarch, Ivanpah, Jerome, Juvinas^ ^iezC-Madaras* Nejed, Saint 
Denis Westrem, Stavropol. Vaca Muerta, 

Rare Faih Becotne Lm As a small meteorite is dis¬ 

tributed among institmions which often accjuire even less tlian they 
desire for their own purposes, it becomes increasingly difficult for 
others to secure it. Thus* of the 121 meteorites collated by Cohen 
in 1899 at 65 cents per gram or over, 29 per cent, arc not in the 
1912 market, whereas of the 120 coUated at less than 65 cents, only 
6 per cent, have disappeared from current catalogues. 

The Cause of Hi{;h Prices^ —On tills point an examination of 
Cohen’s collation affords some interesting evidence- He collated 
109 meteorites in 1899 which had been recorded by Wulfing in 1897, 
and of which the major part of each w*as held by one owner* 
Classifying them we find that: 

1. ?^even falls vvere quoted by four dealers controlling one to 
two falls each, at figures averaging d8 per cent. lower than Wiilfing s 
values, 

2. Sixty-one falls controlled by institutions or private indi- 
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vidual^p were commercially quoted at figures averaging 5 per cent, 
lower than Wulfing, They controlled one lo three falls each. 

3. Fort^'-onc falls controlled by the three oldest and largest in¬ 
stitutional collections, were comniercially quoted at figures averag¬ 
ing 45 per cent, higher than Wiilfing. They controlled S, 12 and 
21 falls respectively. 

These figures require some analysis before acceptance. It 
should be emphasized that they are not necessarily institutional 
prices, but rather prices asked by dealers for institutionally con¬ 
trolled falls. 

We have noted that the sixty-one falls controlled by the smaller 
institutional and private collections afforded market prices 5 per 
cent, below Wulfing. That meant that their need of each fall con¬ 
trolled was less than the need of the big three " institutions, whose 
controlled falls found market prices 45 per cent, higher than 
Wulfing. The smaller holders let their surplus stock go at low 
figures on exchange, being eager to advance the growth of their col¬ 
lections, or because they had merely local holdings of a nearby fall, 
or again, because they were uninformed on values. The larger in^ 
stitutional Ofwnerst on the contrary, were probably well infomied 
about relative values. Accordingly they parted widi their surplus 
onl^^ on the most attractive ofTcrs. ^loreovcr they ret|;uired a larger 
proportion of each fall than did the smaller collections and had 
correspondingly less to part with, thus tending to advance the price. 
Summed up, the price of any fall depends somewhat on how willing 
the controlling owner is to part with his property, the demand being 
fully established. However, as with all commodities+ such demand 
varies inversely wsth the price, 

T/jc Use $f Tables.~ln accepting the much criticized 

Wtilfing formula as the only thcorclical system of evaluation yet 
devised, one must clo so with clearly expressed conditions. 

Since some of Witlfing's critics apparently take his approxima¬ 
tions as more exact than he intended them to be, let us in fairness 
read his words on p. 431. “Even though I only succeed in estab¬ 
lishing the standard of %'aliie to sudi an extent that one may at least 
say: the value of such a meteorite is not more than double nor less 
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than half the given figure—even that would be an advance over the 
present fearful confusion prevailing on questions of value/' While 
Wiilfing^s formula has a large pTobability of error on account of his 
exclusion of several highly important factors^ U must be remem¬ 
bered tliat without it or some simitar system^ meteorites would be 
valued by a “ rule of thumb/' the cUsticity of %vhich is frequcntiy 
fell in the wide limits shovra by exchange and market prices. 

It is certain that Wulfing's work bas lessened the absurd varia¬ 
tions in value which abound in exchanging, and that it has also aided 
in regulating trade prices. It is therefore to be hoped that a new 
edition may be published in the not distant future. Nearly two 
hundred meteorites are known besides the 536 which he recorded, 
Avhile the number of owners has increased. Unfortunately^ Pro¬ 
fessor Wulfing replies, in response to a query ^ that he does not 
contemplate a revision. 

—In the writer's opinion, no holder of a meteorite 
should divide it before considering current trade prices of similar 
falls, a practice which is already established in the present w ide use 
of previous collations. Likeivise he should consult Wiilfing'a tables, 
w'hich are based on present knowm weight, group weight and number 
of owners. Finally^ the exchanger should estimate the importance 
of the following factors; Weight of specimen offered; observation 
of fall; area of slice offered; phenomenal variation between indi¬ 
vidual specimens; distinclness of structure; missing portions; his¬ 
torical interest. 

It is certain that the stabilising influence of a fuller consideration 
of values by meteorite exchangers will tend to dispel an already 
lessening hesitation among institutional owners, and result m that 
freer distribution which Buchner and Wulfing sought to bring about. 
With its achievement, the advancement of this unfamiliar but grow¬ 
ing science will have been distinctly furthered. 


THE TRUE ATOMIC WEIGHT OF BROMINE. 


(Plates XXXIV-XXXVI.) 

By dr, GUSTAVUS HIXRICHS. 

(Read Aprii 4, 1913,') 

Highly' ii^ortant laboratory work, undertaken for the purpose 
of determrntng the atomic weight of bromine, lias quite recently 
been done by Dr, tl. C. P. Weber,’ ’ Ten complete syntlieses of 
hydrr^cn bromide were made, taking from 60 to 80 grammes of 
bromine for the individual determinations. 

Employing the method of reduction in general use by the domi¬ 
nant school, Mr. Weber finds the atomic weight of bromine to be 
? 9 ‘ 9^4 with the insignificant ** probabls etrof" of ojooiq., oxygen 
at 16 exactly being taken as tlie standard * Accordingly, the atomic 
weight of bromine should fall between 79.9123 and 79.925 for 

0^16. 

Now bromine is one of the ten fundamental elements of the 
system of Stas (Ag, Pb, Na, Ka; Cl, Br, lor N. S, O), If the 
above value for Br should be found to be in error, such error would 
affect the values of most of the other nine elements aim 

During the last twenty years, 1 believe to have demonstrated,* 
by close matliematical examination of all the atomic weight determi¬ 
nations made during the entire century (since Berzelius began this 
work in iSio) tliat the method in common use for the rediiclian of 

• Am. CAcMt. Sf>e., Oct., iqt 3, pp. 1394—1310.■ 

* jL. e„ pp. 1309-1310. 

^Spenal iFor*r.- "True Atomic Weights," 1S94; “Absolute Atomic 
VVdBhls.” 1901: "Proxiniiinj Constiluents," 1904, Tueenty-fit-e Notet in the 
Compter Rendut, in twelve years from 1892 to 191a; (in nine years no note 
on atomic weights); Moniteiir Seieniifiqne, thirteen papers from tOCi6-i9D9; 
Retue fffnirale de Chimie, 1910, on hydrogen; Proeeedinfft Amtrieau Phiio^ 
sap/ueal Sacicly. 1910, lgii| Pmeeedmffs Am, Arroe. Adt>. Seienett 1S69. 

J'ltOC- Frtll- SOC.p l.l[, lit Q, I'KlSTJ^D OCT^. 1 
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the Uboralon work done is not correct but false iti principle and 
erroneous in its results. 

Very naturally llte dominant school lias first denounced my work 
and thereafter ignored the same; nevertheless it has been compelled 
to admit the existence of grave errors in the results of Stas whldi 
had been extolled to be of astronomical precision. This applies 
especially to the most famous of the fundamental determinations of 
Stas, namely tliose of Ag and N. For nitrogen, Stas gave the value 
14.044^ exactlv. By a marvelous series of decimals (from 3S to 375 
places furnished him by A. Quetclct) he declared the lowest possible 
value to be 14.040; at present, the school of Stas has come down to 
14.00S which is one fifth of the lowest possible value of Stas and 
only 8 thousandths above the value we believe to have proved to be 
the true value, namely 14 exactly,* For silver the value of Stas has 
been reduced by his school from 107-930 to 107,880, which is a 
reduction of fifty thousandths. It must be borne In mind that this 
matter Is a question of high precision, questioning the thousandtlis 
of the unit of atomic weights. 

All the above values refer to the oxygen standard in common 
use, O —16 exactly, for which we believe tc have proved that Ag 
is lOS co-ncfly and Br Eo c.rflc«v. Hence the present values of the 
dominant school would be 0-120 low for Ag, f. e., o.il per cent. 
108; and 0.076 low for Br, i, e., o.io per cent, of So. 

If our results are correct, the dominant school is one tent t of 
one per cent, lo'.i' on the atomic weight of these two fundamental 
elements. 

Accordingly, our work be true, all tlie quantitative chemical 
analyses made in the chemical laboratories throughout the world, 
from the lowest technical to the highest scientific institutions, liave 
for half a centorj" been falsified (unintentionally, of course, but de 
facto) to the eictent of one tenth of one per cent, for both silver and 
bromine determinations. For lithinm, the error committed Is now 
fully one per cent. 

* Thfl cxikcriiiiciita of Geyc and his sludcnts al Ceneva ate claimed to 
prove N = 14.008; but each set: of determinations has been made within very 
narrow limits and wiib amal! weights at thal^ except those of 19^2, which 
positi^Tly prove N =14000, as 1 have :shown {Catapics RtftdKS, May 6. 
1812; T. m p i 2 ? 7 >- 
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The question here raised h therefore of the highest practi<sl as 
well as scientiBc importance ; most assuredly, it cannot be settled by 
a ballot, though sttch has recently been taken. Nor should it be 
left to the decision of a select few for each country^ but every indi* 
vidual chemist should, on this as on any other important diemical 
question, try to study sufficiently to enable him to form an opinion 
of his own^ 

To facilitate such a study on l 3 ic part of the individual diemist, 
we here present the laboratory work of Mr. Weber on bromine in 
the most simple and direct way possible^ without any reBned tech¬ 
nicalities; phtting the experimental results ihemiSelves (the 

ratios of the actual weights) ocrurJipa^. to the u^elght of the bromine 
taken and the ratios found in each case^ 

When the individual chemist inspects this diagram of the actual 
weights taken and the ratios founds he will realize tliat we have 
neither hypotheses to make nor theories to defend* We simply 
have tried to look at the actual experimental data obtained in the 
laboratory itself* We have divided the entire prcKress into twelve 
consecutive steps^ each one being distinct and preparatory to the 
next. 


L The Wetghts, Takex Found, 
table L 

Weights^ jn Grammes^ to One-tenth Mgr. 


Nhs. 

1 H 

Bi' 

HPr 

niKrrfitncif,* Mbf. 

1 

1 0^7730 

6i.aBS4 

67,0605 

-0.83 

3 

1 0.-S6o6 

66.3503 

69.11x4 

e.54 

J 

I 0,7761 

61-S573 

63.3340 

-1.43 

4 

1 


778314 

-0.15 

s 

1 r-njss 

&S 3056 

86-3709 

“O-TS 

6 

o.go6p 

70.0683 

So.0643 

-0.99 

7 

Or7407 


60-3950 

a.S9 


0.-9S16 

77-8555 

78,^376 

0.43 

0 


7939^3 

80,3966 1 

1 —0,06 

to 

I D.Sipl 

_ 65,0714 

658387 

! ^^.56 

Sum 

i 9-<»37 

714.0573: 


i -3.63 


■ 0-9004 

71.^057 

Va-joS* 

' "'0.a6 


The dSscre|icuicy is: HBr—(H + Br) and Its theoretEcal value is 
of course. The actual value is once over l and twice over 2 mgr.: hence 
the hundredth mgr. of weighings hive properly teen dropped by me in copy¬ 
ing the weights given Ly Weher 
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11 . Th£ Analytical ILvtjo. 
TABLE ir. 


The A.%alytical EAito, r; Calculatep to 6 D^mals^ tee Sdcth as Fiust 
TO THE Fifth, Sj.vxh Opoika^ily Oxly" Fifth is Taken. 



RMl\At 

IK 

»4 

j4 


Br (icf^ iH d« 4 .y 

HiKr 

H.Hib- 

BriHBr 

I 

era 

D.0I3 dl-? 

0 . 01 ? 45 -d 

p.ijfiT 

;3 

es.$ 

bO.e 

45.S 

Sd-S 

3 

61.4 

et.a 

4S-3 

S7.T 

4 

76.5 

60.7 

45^1 

55.1 

S 

as.a 


45’3 

SB-9 

6 

T^.T 

ee.s 

4S.I 


7 

7^S 

Oi.a 

45-a 

SO-d 

S 

179 

dD.S 

4S.I 

S4.3 

9 

79-4 

dl,[ 

4Sr4 

ss.» 

io 

dS-O 

60.S 

45.a 


Mifan 

714 

6 o.g 

4B-2 

55 s 

Rui^ic 


04 

o.s 

B.O 


i2fiiiorfrj,^{i) Radas very concordant ; range Email, especially m first and 
second (five sigrtificanfc digits only), less so in third (sis sigfiificant digits 
(i) The redprocal ratios of nos. i and 2 would magtiify the rninuie error in 
H coghi^'-fold, (3) Complete synthesis gives the three equally imporEanl 
ratios; Weber omits no. 3. 

in. TriE VARiATroN OF thk Analytical ILmo, 

.As soon as the indivtdual cJetcrmiiiatiofis of the analytical ratio 
r (Table IT) are plotted according to a convenient scale it is seen 
that this ratio is not constant^ but variable. In our drawing (No, 
750) the abscissa? represent the weiglit w of bromtuc taken on the 
scale of a centimeter to the gramme, Yvhilc the ordinates represetit 
the corresponding ratio r on the scale of one inch to the unit of the 
fifih decimal; that is, the nuil-ratso itself is 100,000 inches which is 
®*335 or 1.5S english mile. Of the three distinct diagrams we 
shall here insert only die one representing the third ratio, Br/UBr, 
which is the sharpest and therefore the most decisive. The reduc¬ 
tion to centimeter scale by photograpliy is here inserted ; for this cut 
the unit ratio is therefore one kilometer, and the unit of the fifth 
decimal one centimeter The gramme Is represented by nearly four 
minimelers. See Plate XXXIV. 
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Each full bbck circle represents tJic determination identified by 
the same numeral used by Mr, ^\'eher. 

The single determinations for less than 6 d (no. /) and for more 
than 8o grammes (no, 5) of bromine give the mean d of compara¬ 
tively little importance. 

ITie eight determinations made with between 60 and So grammes 
of bromine fall in two welbdefitied groups of four detertninatipns 
each and give the equally important two mean values marked 
/f (1, 3 j 2^ 10) and if (4, 8' 6, 9) of which C is the final mean.® 

But it is clear that this mean C cannot be considered to he the 
true mean value of the ratio r because it is nothing more than the 
mean of eighth determinations which Mr, Weber made wdth the 
eighth weights of bromine which he “happened to take.“ For as a 
matter of fact^ the eight determinations do not give some constant 
value from wdiidi the individual determinattons differ by small 
deviations equally distributed as to amount and sign. On the con¬ 
trary p the eight determinations form a W'tlhdefined straight line 
inclined to the aicis. Accordingly^ it is ihU sirai^hf line A-B 
itself which represeuls the eight determinations made by Mr. Weber. 
Only in case the Hnc A~B were parallel to the axis of weights taken 
(horizontal in the drawing) and if^ at tlie same time^ all deviations 
ivere smallp could the point C be taken as a legitimate mean. 

It is readily seen that the Hue AB is the geometrical representa¬ 
tion of the equation 

r—57.7—o. 113-0-, CO 

where r is expressed in units of the fiftlt place of decimals and tv 
in grammes of bromine taken. That is: r is not a constant, but 
varies according to the form where k and c are constants, 

We may express the strange fact revealed in the above by say¬ 
ing that the result of the experiment depends on the choice of the 
iveights taken by the chemists so much so that “ w'c can tell as soon 
as the weight has been taken and before the experiment has been 

« It ni^>- be noted! that of the two isolated determinations j and 5p the first 
(y) i§ made with the smallest weight of broniine and therefore shows the 
greatest devfalien, while the last ( 5 ) made with the greatest weight of 
br&Tninc MU difilinctly dose to the line AB. 
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made, what the outcome thereof vvill be," or perhaps more strikiugly 
still, we might say that “ we get (within sufficiently large limits to 
count) whatever value r we would like to get." 

But the value of r directly determines the value of the atomic 
weight itself, as we shall show in cletail; hence the fact just stated 
for the ratio applies with equal force to the atomic weight itself. 

IV. Systematic Errors and Chemical Perturbations, 

The existence of such systematic errors in the most refined 
laboratory’ work of renowned chemists, from Stas to the present, is 
not a new discovery, for I have proved the existence thereof twenty 
years ago. See the note presented by Berthelot at the Seance of 
the tw'elfth of December, 1892.^ 

I here insert (Plate XXXVI.) a reduction to half the original 
scale of the diagram (no. 315) published in the note just mentioned, 
together with the diagram (no. 316) of the next note (February 
27, 1893). The new cut (no. 753) is ^ Ih^^ reduction of Plate 
I, of my " True Atomic Weights of 1894 represents the 
systematic errors of Stas in his famous syntheses of silver nitrate 
(no. 251) and of lead nitrate (no. 252). See plate XXXV. 

Indeed it is even forty years since I first pointed out the existence 
of definite perturiatiofts (or disturbances) in the chemical work of 
Stas, namely at the Salem meeting of the .American Association for 
the Advancement of Science in 1869,* of which the part here in 
question is reprinted in my “True Atomic Weights,” 1894, pp. 
65-C9, under tlie regretfully appropriate heading: vox clamantis in 
deserto. 

We shall, however, in the future restrict tlie term " chemical 
perturbation” to such systematic errors as are expressible by a 
definite function and therefore representable by a definite curve. 
Such are the systematic errors in the recent work of Mr, Weber, 
being represented analytically by an equation of the first degree (l) 
and geometrically by the straight line /t-B (cut no, 730, Plate 
XXXIV.). 

^Compifs Rfndtu, T, IIS, p, 107+ 

• Proeffdittst, pp, tia-iat. 
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In fact I have communicated to prommeot chemists in the United 
States and in France first proofs of some of my new cuts repre- 
seoling quite a number of such chemical perturbations. All the 
dominant elements'^ and a number of the others have now been so 
represeiued. These first proofs form already quite an atlas. One 
of "these cuts (no. 737) has been published in the Rendujt 

of tlie meeting of May 6^ 1912.^® It covers work of Ricliards at 
Harvard and of Guye at Geneva, on the dominant elements Ag, 
Cl and N, O, respectively^ 

By this work ’ivc have also introduced into chemistry the method 
of demonstration of the geometricians of ancient Greece known as 
the ^^reductw dd absurdutn/' which is just as decisive in modem 
chemistry of precision as in geometry, the highest science of ancient 
Greece. 

\\ The RATio^fAL Method of Reduction. 

This >va3 first published in the Comptes Rend us of ^larch 27, 
1893 and in my *‘True Atomic Weights” of 1894- It has been 
extended and perfected during twenty years, but no complete ex- 
position of all the steps involved having been published In one place 
at one time, it is no doubt somewhat difficult to grasp and use the 
same. It is for this reason that we here givcp merdy as un example^ 
its application to the laboratory ivork of Mr, Weber on bromine. 

The old way of successive substitution, producing of necessity 
an accnmnbtion of errors unknown in magnitndeT is based upon the 
elementary method of solving an algebraic equation witii supposedly 
one unknown only, when in fact it contains as many unknown as 
there are elements present in the chemical reaction employed. 
Slnce^ however, in a chemical reaction it is impossible to accept any 
due element as without error iti its action, all these equations are 
de facto indeterminate (or diophantic) and therefore insoluble^ 
TJic solutions given by the school are therefore erroneous and can¬ 
not be in accord ivith the facts. 

But uiiile the work of the school during the entire century has 
thus necessarily failed to give a true solution of the problem by that 

» C&mptfs T. 113, jjl 817; 30 Oct-, igiL 

i« T. is«|. p. 1228. 
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methcx], it has eslahlishcd incidentally one general fact of great 
practical iniportancep namely that all the aiomic weights are approx¬ 
imations to certain whole or half numbers, if the atoruEc weight of 
oxygen is taken at i6 exactly* 

Consequently we may say that the entire mathematical problem 
will require only the exaet determination of the value of this small 
departure (which we now represent by the Greek letter epsilon c)- 

Every mathematician knows that all relationSp even the most 
coniptex, are thereby reduced to simple proportions. Hence all onr 
calculations can be carried out by proportional partSj if the neces¬ 
sary relations have first been deduced either by geometry or by 
development into series. We have used both methods* After over* 
coming these difficulties we have systematized the work by simple 
analytical processes^ retaining however the general geometrical 
method for the presentation of the data of experimeut and fche results 
of calculation, as exemplified above and in onr numerous diagrams 
of which reductions by photography are printed* 

It seems best, at this point, to state the degree of precision 
aimed at ; tfie third decimal (thousandths) of the atomic weight and 
the fifth decimal (hundred tliomsandths) of the ratios (atomic Jf 
and analytic r). If at any time we feel authorized to go beyond this 
general limit, the higher decimals are given as decimals to the above, 
in order to conforn; to definitions given and to avoid con fusion. 

VI. TltU DEl'AttTUftE, t. 

The true atomic weight of bromine is know^n to be some value 
quite near the number So; all chemists admit this as an established 
fact. Heuce u'e limit cur usork i& the determination of the preeise 
smaU number of thousandths Qf the imif, our departure c. 

Accordingly we say: ibe exact atomic weight of bromine is 
8 o + *. We then perform all analytical operations with this sum 
instead of using the one symbol Br. Thus many terms wdll cancel 
and others will drop out as minute quantities of too high an order 
to be of influence on the result: facts and processes familiar to all 
those versed in mathematical w^ork. In this way vve finally obtain 
readily workable formulie. (See p. 6i of our “ Cinquantcnairep” 
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1910, for an example and note the interesting story of its wanderings 
in 1907 and 1908.) This may be sufficient for the present to direct 
those readers who may need such reference. 

We now return to the simple practical details necessary for 
carrying out the w'ork of determining the small departure t for 
bromine. 

VII. Tub Atomic Ratio R , and its Variation a 

To express the chemical reaction used, we first take the departure 
as aero (that is Br=:8o exactly and H = 1.008 to the nearest thou¬ 
sandth), as we have shown it to be in our histoiy of all determina¬ 
tions for hydrogen made in the century past.’* This gives us R and 
A as sho%vti in Table III. by elementary mathematics. 


TABLE III. 


lit 

Hut 

3 *^ 

for H/Br 

H/HBr ‘ 

Br/HBr 

Firjt, for Br=So 

and 

H“i.oo 8 

Atomic ratio t.ooS 

IjOOS 

So 


81008 

81.008 

which Ij 

O.OIJ 6D.t 

ckoia 444 

< 14»7 5 S 7 

Seci^Hd^ for Br —Scli 

and 

H=t.ooe 

Atomic ratio l.ooS 

1.008 

8o.[ 

HOA 

'81.118 

8 F.ic 8 

which is 

R‘= 0.012 S&S 

0.012 4^.9 

Q.985^ 57 ^ 

hence 

ABr=r—— 1 J 5 

— I.S 

+ I-S 

TAtVifp for Br=8o 

and 

1-1(8 

Atomic ratio 1.108 

t.108 

80.0 

80 

'8t.lo8 

81.10S 

which is 

E"= 0.013 85^ 

OjOI3 66.2 

0.s86 33-9 

hence 

AH = J?" —R it I 2 SjO 

1218 

— 12ZJ8 

gin. dc Ckimit, 

I91A 377-389- 
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VOL The Akj\lvtical Excess 0 . 

Tills is dtc number of units of the fifth decimal by ’^hich t 
exceeds i?; that b 

e=r—R. (2) 

Table II, gives the following results: 


TABLE IV. 

Values of the Analytical Excess, a 


1 

Na. 1 

1 

te'( fTMiunan) 

H'Br 

H'HarJ 

'Oyolj f4i4 

BnhBt 

S5-T 

I 

6[rJ 

1,1 

1.7 

9,1 

3 

68,3 

O.B 

0.8 

9.6 

3 

61.4 

ftp 

Q-9 

1-4 

4 

769 


9 .T 

—9.6 

S 

SS -3 

9,0 

9 .S 

- 9.7 

6 

79-1 

0.7 

9.7 

0,5 

1 

595 


9,8 

^51 

a 

77-9 

0-7 

0.7 

- 1.4 

p 

79*4 

I.O 

I.O 

a. I 

10 

65.0 

0.7 

d.8 

SO 


7 r 4 

9 .S 

9,8 

—0.3 


The concordance between r {eKperimenO and R [absolute valuel is al¬ 
most perfect. e = r — R affecting the mililionths almost exclusively (in all bnt 
Jour of the thirty cases I). 


If we were to decide by mean valueSp in accordance with the 
common practice of the school, we would have to conclude that the 
true atomic weight of bramine is So ejtactly; for the mean analytical 
excess is only S millionths above in the first and second ratios and 
merely 2 millionths below in the third ratio. This implies a truly 
marvelons approx im at ion to our absolute atomic weight Br^So 
exactly. 

Since the third ratio is mathematically the sharpest^ being near 
uuityp ive miglit claim in truth having demonstrated with '■ astro¬ 
nomical precision^' that the atomic weight of bromine is So exactly- 
By means of the known value of the variation A ive can readily 
convert the value of the analytical excess into the corresponding 
departure i in thousandths of the unit of atomic weights. 
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IX. The Variation of the An.^lvtical Excess, c. 

The mere fact that the mean value of the excess e is very small 
(0.2 only) is, however, not sufficient to completely establish the con¬ 
clusion just dra-wii, as we have always accentuated; for some of ^the 
mdi%'idual values of the excesses might be large with opposite sign, 
or shovv notable systemstic turKifi'twi.f this they do in fact in the 
present case. 

Hence it ts necessary to study the individual values of the ana¬ 
lytical excess for each laboratory determination made. They are 
given in Table IV. of section VUL, in the last column. By simply 
drawing (on diagram no. 750) the base line (horizontally) through 
the point on the scale of the analytical ratios for the value of ^e 
atomic ratio, =0.987557 VII.), we get the rcpreseniation 
of e on the diagram. This horiiontal line is shown on our cut no. 
750, which thus exhibits the exact value of the analytical excess for 
everv individual detennination made. See Plate XXXIV, 

Taking this line as the new axis of abscissa for e tlie equation 
of the line of perturbation will be 

p=0.113 (75 —m)* 

It is not necessary to discuss this equation, since it corresponds 
exactly to that for r already considered in ILL 

X. The Increment, S. 

E is the change in the third decimal of the atomic weight pren- 
duced by one unit in the fifth place of the analytical ratio r. 

It will be impossible to enter here upon the complete deduction 
of the formultC now* to he presented for practical work; for our 
deduction we must refer to a series of papers in the Compies Rendwi 
from 1907 to the present and to our publications in other quarters, 
especially including the facsimile of a general deduction wliich has 
travelled between Pans and St. I.ouis in 1907 Rbd ag^in in 190S, 
sec p. 61 of my “Cinquantenaire dc L’atomreanique, 1910” under 
the title: Un Manuscrit Voyagciir, All these more recent develop- 
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mcnts of general forninlce really go back to 1S94 in my ■' The Atomic 
^^>]ghts,” pp. 157-161. On p. 159 will be foniid the formula {42) 
for the chemical perturbation, essentially the same as the one we 
have been using for a number of years. 

In fact, it w'ould be interesting to trace the development >ve have 
been able to make of the method of I^grange so renowned w^ith 
mathematicians and astronomers under the name of "'The Method 

m. 

of the Variation of the Arbitrary' Con$tants/' 

Our simplest formula, obtained by means of Taylor*s most 
general formula^ for m chemical elements present in the reaction, is 

StA^ioor, (4) 

Treating the effect of the elements ex-^uo, this equation 
becomes 

wjeA = icXtc*^ (5) 

or simply 

f=:Sf: {6) 

if we introduce the incrcmetit as dehned above 

2 = ido/j?jA, (7) 

w^htch also may be defined as the departure per unit of the excess e. 

In the case under constderation we have the variation determined 
in Vni.p while the number of elements present {in) is 2 (Br and H) J 
hence the third reaction (the sharpest) gives the valuea of the de¬ 
partures presented in the next section XI. as Table V. 

XI, Summary of Results Obtaineu for the Reactiok 

TABLE V, 

I. The AitaiTiiAiiY Constants » (l e ., the AasotUTC Atomic Weicht) aktj 
T uriB Vabiation (A, X}, 

EI« nun El 

Br H 

Absolute stOTnic weight, a __6o *l.Da 3 

Variation, A (units of fiflb plaeo) . 1,3 — tzlJS 

Increment, 2 (units of third place) .33I — 0.^1 

Departure, t, by e ..... 33)0 — 041* 
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It 

.—Mean Values or DEPAiTiiitEs, t. 


PdM 

Ej:|KnmB]u 

W ( 

eBr 

«H 

A 

i, a. 3, 10 

64.0 145 

41 s 

— o.S£ 

B 

4 . 6 ^ 8 * 9 

78.3 — a. 3 S 

—11,7 

ai 4 



M^an cf groups A and 


C 

A.B 

71,61 045 

is<i 

— Oli 3 



^^fan 0/ aU D^termimfhns^ 


D 

C, d 

71.77 ^OJI2 

— 7 ^ 

0.09 


iij /uirrrian 0/ = ^5 — w 


3 .?7%c/ — C 3 .o 5 m' 


IIL—Mean Atomic Wkjchts. 

P4£a| ExperiaitfiEi we Br 

A I* 2^ 3, 10 64^ 80.043 

B 4 6 , S. Q ? 8 rj —0.35 799SS 

Gen^at Meanj. 

The 2 ffroup^s of four determinadons each: 

C A , B 71J61 045 

AU ten dcterminatiDiis: 

D C d 71,77 — 0.SSE 


Sd-OiD 


!l 

1 0075 

i.DdSl 


1.0078 

l.oo$r 


IV—True Atomic Wejght. 

For all possible weights, t. rf. entire line: 

Polm EipertinEfiEi- w # Bp 

.4—5 7 *j 6 i «“» 80 ,»» I.OoSq 

—Confirmatory dct«rn*inations dejirabl« especially for weights sym¬ 
metrically lalten in rclerence to A and B; Lfaat is for mean weights of about 
S6 and 7» grammes. 

Rtffrfnte: “Troc Atomic Weights” tSw. p. 


XII. GeNERAI. COSCLUSION. 

It will have been noticed that oiir work really gives three distinct 
demonstrations that the atomic weight of Bromium is 8o exactly, 

FiV^r (as shown above in VlII.), by the the means 

closely approaching the value Br=8o exactly. 

This metliod was first published in tlie Compies Rendus from 
1892 to4894 when it was more fully developed in my book: “The 
True Atomic Wciglits," 1894, of which Derthelot accepted the 
dedication. 
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Sccoiid, By the '"Chemical Periurbalions," rcrpresanting all de- 
terminatiQns by a single straight line, interseetiog the axis of abscis¬ 
sa of weights talcen. 

This also demonstrates completely that the true atomic w^eights 
cannot be determined by empirical methods alone. 

In fact, the empirical methods lead really more and more away 
from the truth by the chemists trying to secure greater concordance 
—which can most easily be reached by limiting the ran'Ie of weights 
taken (as already shown here) and in many other ways, all leading 
into error* We hope soon to take tip this most important practical 
subject more thoroughh^ 

Third. —By the Tt^diictio €sd absurdum, showing that the atomic 
weight for the individual determination is de facto a function of 
the weight taken for efTecting the determination; this result is 
evidently absurd, because the atomic weight in its very nature is 
independent of the amount or weight of the substance operated upon. 

In other words: the individual determinations establish the line 
of perturbation only, the intersection of which with the axis of 
weights taken (for ^ = 0) gives the true solution for all experiments 
represented on that line of perturbations. 

Final CoHchiSion. While each one of these three demonstrations, 
taken separately^ is sufficient to prove liiat the true atomic weight 
of bromine is 80 exactly, they properly constitute three consecutive 
steps in due complcit demonstration which itself has been gradually 
developed in that order above given. It may be best to repeat them 
here as links of that chain of demonstration: 

1. The values of the analytical excess c are minute and of oppo¬ 
site sign, giving a mean more or less ebsely approaching to 5:eTo; 
hence the horizontal line ^=0, determined theoretically by llic 
alomic ratio R, is the locus of the true atomic weight, 

2 . The straight line of perturbation is a second locus of the 
sanie;^ hence ihc iuterscctioH of thc^c tzoa luics determines the wetjjht 
for uhkh the laboratory Ti^ork is without error. 

3- The other parts of the line of perturbation give the atomic 
weight as function oF the weight taken for die experiment, wbkb 
being absurd, proves that they only serve to determine the point 
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of interaction, as just done. Besides: each single ^int in the line 
of perttirbation ttbai^c tlic point of intersection w balanced by the 
equal value of contrary sign beiaw that line syTnnietncal with the 

above point. 

Trusting that we liave made this subject a$ clear as so diffic ^ 
a matter—at first reading—may be made, we shall add only that all 
thought of the so^alled “probable error” of the mean must be laid 
aside in atomic weight determinations j we Iiave repeatedly shown its 
otter absurdity in this field-the more careful laboratory' work hav¬ 
ing the desperate character of placing itself squarely far beyond the 
field restricted for it bv the so-called “ probable error of the mean 
so as to leave it not a shred of probability. We expect as soon as 
possible, bv a most striking example {covering all the work clone for 
an import^t element) to show the utter fallacy of this 
error of the mean ” introduced by Gauss a century ago- c shall, 
at the same time, show that it is but a false and misleading substitute 
for the simple mean value of the actual distance of each determina¬ 
tion from tlic mean of all. 


We here insert, from a most extended table carefully classified 
by order of magnitude and for each individual clement separately, 
giving the most general results in a broader grouping, to show the 
fact referred to above: that with progress in practical laboratory 
work, the final departure has been greatly reduccd- 

The four catalogues of work represent; {A) recent and classical 
work (Dumas. Stas to present); {B) older determinations (except 
the classical) ; (C) dominant elements only; f- c., O. Q, Ag; C, Iva; 
S. Br, H; N. Ka, 


Put Cekt. of Each Ghaoc SpEariED. 


--- 

- 

- 




GTHde ia Word* 

c 

1 B 

AB 1 

A 

C 

1 

EKccitcnl to EocmI 

Bc-loW 1*0 

77 

B5 

* 

1 OB 

(Kr Id* 

I per iQo 

Poor to bani 

1 Above loO 

n 

1 IS 




NiiDltHfr oi: 

_ J ^ 0 ^ 

9*7 

430 

ISO 


1 163 

34* 

177 

SJ 

































PROCEEDINGS 

aw TH« 

AMERICAN PHILOSOPHICAL SOCIETY 

HELD AT PHII-ADELPHIA 

FOR PROMOTING USEFUL KNOWLEDGE 


VoL, Lil 


NOVE M BER-D ECEW PER, IS 13 


No. 212 


T?IE MARINE TERTIARY STRATIGRAPHY OF THE 
NORTH PACIFIC COAST OF AMERICA. 

By RALPH ARNOLD asd HAROLD HANNIBAL. 

' tPiJtTEs XXXV^-XL\^IL) 

ShCTiM (W THE COUJUBIA RlVM AMD SROALWAISH BaV DtSTMCT, 
I "Fldstoccng Biarinie ttrrafe*. 




M0farmaikHi, 


T 7 

4lli> /GrjnjFfmrt 


tu^accDUB sliale^ and tsand* 
Storue wstb bterbedded bsualt^ 
of NazeL Otaya River. Ilwaco. 


and Aitoria. 


5,oM'^ 1 

i 

5 1 


t ! 





i 


r 


, San Lortnuo 


; tlklTacGoiia aandatofiet and 
; ihidea vfi£b interbeddtd b««alt^ 

1 of WinlQck, Pc Ell, Hokoitih, 

[ ClataUnLe, and Scapo™ 


lO.OlM-' 

i 

i 

1 


laffaccoua lifniitic Mndstctiei 
ol l-ittic FalU and Coal Cmk 
above Stella. 




C&rAoJiV formation 
tuffaceotia ilenitk sandrionea 
and eIwsIcs of marine and «- 
tuarinc origin ea^t csl Winloclc 
and in the upper Cowlit* Baam. 
lo^OOC^ 


EedtOCk €om|lleE 


559 














































SECTJON OF WILLAMETTE 
VaU-KV and XJP^EU OMfQUA BASIS. 


CoLLM^Ait Auction' op tke Coast 
Rasor asd Coa^t op 



Pflioc«n« tMinlc 

■ ,®.5 
■3 i> 

^am tuJTs Qf Silvcrtaa 

and Etiitene. ixoo' 

c 

j4rd^/drfTUllr4ii* 

1 

t tiffat^us and jukoiK sacdstone 
of Umpqua Basin^ coariic baaic 

g 

tEtfffl fonber BorLh OB SaniiaiB 


River. 


10,00*' 


Bedrock camptox 


Murine PWttocaw tErmecai So^ 

EJk Rit*f formoHim. soo^ 

Mcrud fppmatiom, so' i 

Eni^Vc /OTTwO/ion, 5*0' 

Montmy formaiion 

saoditone aad clsy of Xe^port. 

3,000' 


/ormoliofl 

Cuffsioaoui ^ndiEtone nnd skale 
of Ndiaiom and VaquLqa 1 

S.Ooo' 

,s 

1 


.O' 

1 


■3 

Sat* JjirtMso formaii^ft 
tufTaceout samistoBe and sKaic 
of Upper NekaJem aad Yaquiea 
Riven. 

S.WO' 

1 

It 

Aragp fofTttaUon 
tiiffaceaua deaElic aondsionet 
and aholfis. of COOO Bay dutrict ! 
bacomlifg more and more iiifFa- 
oeoue to north and u^dfng Into 
; coane tut^s aod baiialtk dow« 

1 of Wilson River and Sooth Ne^ 
hakm River, 


10.000 ■* 

Bedrack oonai^ 

































Cot-tsMSAK SBtsios! wthb Gluivs Hah* Coluksa* Sbctkw or Pgom SoA>jfB 
BOH anb Cukhahs Vallbv DisntiPTH aj^o thw Sax Juax jstASM. 


1 Admiidlty tM 

Satatidk so' 



1 Voghoa drift ^ 



Admiralty till 


EiMptre /CTJttdlfon 

1 


^mdstonfta and tufFacCOli* ilmJCs mtn 
bjisalt tufffl at b«** wMi and north of 


StatiSi /wiwatftw 

Che^bali? Valley- 

1 ^ 

ron^lomerates and tu^accou# 


4 . 00 C 

1 ' 

i 1 

sandatoQCE and shalea of the 
^tUe mssnodint. 




4 , 000 ' 







^ ' 




to ' 

m 

't 1 



/onrtOlioit 

5 m Li^mso /flriiiof# 6 ?i 

1 jstadBtonea mnd cloy ehalcA south of 

. -% 

Chchalia Valky. 


tuffaooou* KindgtcHiG* and 


4^™?' 


shaEcs Wtlb ba^ts and ande- 
^tos at base* of Bean PoinEOnd 

I ^ 



Port ToHTiseiid. 




S.oor/ 


ftwmaiiM 




tulZaoeoUB and of Dcla^ 




line Cfa 




1 . 600 ' 



^ ' 

.Saw JLcfflifiOjWrrtiaJioJi 



1 

tidracoous sandstone and ehafe 



1 

at LmOOln Creole anri north of 




Oakvilk, PortfiTH and EEma 
wUh basalts at ba^. 




3 ,oo</ 






CMrgHO fvrm^tion taffaeeOUS 
Utenitic iandstnnes and shales 
of marine and estuarine origin 




forming the coal scries of \^Tmt-' 
com County and the upper , 


/erWiiiKw 


is.oon' of the Pierce County 
sect^n. 

1 

tu£tac<OU» lignKEir sandstones 



1 j- 

and shalei^ marine and ostnar- 

1 


1 ^ 

Sne with ulterlwcldod bas^c flows 

tt-. 

, J 



and inffH at ChehaliH and the 



Balch iynehnfl. 



p.DOO' 


* 





Bedrocit compJeat 


1 CAekol^/orwaifoit 


tuffoccouB lignitic saads^qn^ 
knd ihvie* of mariqq &nd et- 
tiioiiitc orifid 6( Fakrfajc And 
tM pierce County ixnl diel 4 + 
S.OW^ 


B^rock complex 


















































COLUUN^K Seprtfts op the Stbatts w Foca ano Wist Coast op tse 
Ol^-mpic Festiks^ThU^ 


Admiralty tiU 

Miffed /dpmJwh, 400 ^ 

fwmaiM 

faodstDoefl Bofiochid River, tuffa- 

cvam slmic of Tahobh. 

I.&OO' 

M&nt4rfy fmmtsiion 

lEcmtle mndsione of Chi him Bay 
don. 

a,oOd^ 


TViA RiTtfrioniMf™ 
clay dialot of Twm River «c- 
don. 

9,000' 


/onRa/ion 

tufface«u» ilialo and aand^tone 
of Sekin River and Geicyeburs. 
3,000' 

1 

'E 

1 

Sdi* L(¥4ntc f&tmjiiion 
tiiffaccous fihalr and landrtone 
of vmihwcst coast of Van- ' 
COrllver Island, ticavy conglom^ | 
erattf of Uie Cape Flattery 
Bfcetkia. 

TT.OM/ 


1 


Sookc/ormc$i«m 

eand$cone$ and cooiilotimtiH of Muir 
Creek. 

i.doo* 

1 

Ar^tP fswmothft 

basit tuff* of Port CreaCftUt 

IE 

and west of Discovery Harbor^ 

s 

3.0M' 


Rcdrock C0mf4e¥ 
































HAXXX 



pnocEi:Dii^ PHii-oa. Soc, Vol UI. No. 2’t£ 


> 

X 

X 

X 


5 

CL 





a^D^oeic MAP 

TE RXI A rV^I^DE POSITS 
NORTH PACIFIC COAST^J^\hi; UNITED STATES 
SOUTHERN VANCOUVER ISLAND 

Arnold S^aj-old 

a w IB ae ap Mu*- 

-3 OAl^ 1 A'a la'D t o ad HilorularA. 


Mlc/rLA J4ri4«-Hu4j* Oh|,ai>*n'^ 
E^oc*H*. 

CtiLdfr - LPpp«r CrBt.»D«o\i» 

Irina E.YkliH^ TjjkAdirf^ii-iniik^^Kd 
Fr«-ll«il4-EUrijCr'*l-ui«li--U-4 iAld-JuruAlA.- 
Pp■ t-Vmrk.«OUv#ir 
IVpn^^Mvir ■•i-iBB-CnrtrtrLLfBrafut 
IwUth dDoin ~md*ihOTi»au4Jnd 
lundiffAir* n 1 al lha 

|CM4ft04 -And KlB-mfllh naDrunlni-nA 



















































































































:'3^; i.ivjr.'W 


*'v *A*.V »'i ’' ' . ' “V^- -Ti^ •Jt«r? 

1 .v: ^-x 




■■ ■ JA 

i fi M:’, ii -- 1 . 

; iy^vr-**^ -: - . -■'? : ,• ■’ -. ■ ; 

T>. •.•■•> ii-v- -V 

I ^'/ :' :< j'l . '* ■ . 


w 

‘ 


* ■' 

k '• 


A ' 




'?♦* 

V ^ '.'< t 


rT ^ ♦tA ‘/ i. n i«-| • 

|(' ^ w * [ ^’V 3 ^ St.' 

iil f 7 V ' ;p- * All ' <; 1^1 4 r ^ < i »!► 

•"rt''jiAs' ;ff rv'.l*' . «j 














































































EIC ON in "lOA tJog toiiHd «¥ »w«n»wd 





<3£OL>0 QIC 

'TERT'IARY DEPOSITS 

OI* THE 

NQR7T1 PACIFIC COAST «*™ UNITED STATES 

SOUTHERN VANCOUVER 

VC9 ®y 

cow .Arnold, and tiarold liavilbat 


ISLAND 


I w IW—m ^ 

^AUm^ dq»«t» [^Astoria bnaoJta 

{^i](bvd DTip4rd to^aj 5 poK* rjn 

l^lJ ^gfkmns tl bj Qnptr« toas alts [£t 1 ^on _ _ 

|ggnkR3>*r [^ Monl«r«y 5S] Tk jun baaoTta 

[^ riJ 3iHT*d foal Aateria [ERl fC 1 achdaf 




n h 


































































































































ei^oiTdiTA jji&ojoap 

BTrieo^^sa vsui.i'raanr 

' »MT -^O __ 

feSrrytTB aETOVni “WW 7BAOO 3ni3/'5l KniDfrT 

A. 

cr&Vuiei so^/uoDkiA?/ vmaa^mjDe 

V«» 

fn^inrinti £ma j 

aMiii.».! ih - H t-tt*- 

*^rt«TG*|l!toa:p-'t«flS«*05]S} 
.liftiljfi'03(1 yifqmggilj 


m. 

i 


I 

5 















































































iffia.] STRATIGRAPHY OF PACIFIC COAST OF AMERICA. 563 
General Rem.\rkj. 

The Tecognition of marine teniary on the fvortlv Pacific Coast 
of America dates back to 184S when Conrad^ described several 
fossil mollusca from “ the tertiary deposits on the Columbia River 
near Astoria." More recent studies by Richardson, Condon, Diller, 
Willis and Smith, the senior author, and other wrhers too numerous 
to mention have shown lhat such rocks underlie all of Oregon west 
of the Cascade Range and north of the Klamath-Sisklyou Mountains, 
western Washington except the Olympic Range, and portions of 
Vancouver Island. The several geological horizons have in most 
instances been named and something is known of their fossil con¬ 
tents but their stratigraphic relations one to another and their correl¬ 
atives among the elosely related formations of California are scarcely 
understood. 

Several years ago the senior writer visited the more important 
fossil localities then known in western Oregon and Washington in 
the interests of the United States Geological Survey. No general 
report of the work was published owing to the necessity of further 
field studies hut descriptions of tlie stratigraphy of particular dis¬ 
tricts are to he found in " Gold Placers of the northwestern coast 
of Washington”* "Coal in Clallam County, Washington"* and “A 
Geological Reconnaissance of tlie Olympic Peninsula.”* Some of 
the palaeontological material obtained was described in "The Terti¬ 
ary and Quaternary Pectens of California,"* '* Descriptions of New 
Cretaceous and Tertiary Fossils from the Santa Cruz Mountains. 
California"* and " The Miocene of Astoria and Coos Bay, Oregon.’”’ 
Tlw distribution of land and water in this region during the different 
tertiary periods is treated of in a preliminary way in " Environ¬ 
ment of the Tertiaf)' Faunas of the Pacific Coast of the United 
States."* 

' Amtr. Jl. Sti, ad seri?*, V., 184 S, p, 43^' 

* Arnold, R., Bull. s6e, U. S- Geol. Sur., iv> 5 > P- 154-7. '*■ 

i lbid,, p. 413-4^1- 

* Arnold,' R., EsU, Grot. Stc. ^4pu.. XVll., 1906 , p. 4S1'4^ PI- 55-58- 

* Arnold, R., Prof, Pap. 47 * U, S. G«ol Sur., igod, 264 pp., S3 FI- 

* Arnold, R.. Proc. U, S. Nat. Mus„ XXXIV,, iQoS. p, 343^500, PI. 
XX X I .-X X X VI I. 

’ Doll, w. H., ProF. Pap. SP, U, S. Gcol. Sur, 1909 , a&t pp, 23 PI. 

» Arnold, R., Uvr. of GtoL, SVJl., tgop, p, 509-533- 
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In 1911 the junior writer was cotruni^sion^sd to continue the 
exploration at private expense and the months of June, July, and 
August were spent in examining the various described sections and 
districts of the Oregon coast and western Washington. With tlie 
opening of the spring of t9t2 as opportunity' offered, short trips 
were undertaken from Seattle to points about Puget Sound and the 
Straits of Fuca, and three weeks were spent on the southwest coast 
of Vancouver Isand. In June extended field work was resumed and 
a trip made from Port Townsend w'est to Cape FlattGry along the 
north coast of Washington, following which two months were spent 
in southwestern Washington. Six weeks more were given over to 
further collecting in western Oregon, field w^ork being concluded 
in October, 

The present paper, preliminary to more extended accounts of 
the stratigraphy and palaeontology', is based primarily on the work 
done in 1911 and igi 2 . The faunas listed here include described 
species obtained at> or in the vicinity of, the several type sections or, 
if the deposits are referred to formations described first from Cali¬ 
fornia, characterislic faunas from some district on tlie North Pacific 
Coast in lieu. 

Bedrock Complex* 

The bedrock complex on which the marine tertiary deposits were 
laid down varies widely from place to place. 

In southern Oregon the underlying rocks are chiefly Mesoaoic, 
the Franciscan (Myrtle in part), Dothan, and Galice formations of 
Jurassic age, and the Knoxville (Myrtle in part), Horseiown, and 
perhaps also Chico formations which are Cretaceous (the Knoxville 
may extend into Jurassic). These have been partially described 
by Diller* and Londerback^* though much work still needs to be 
done to elucidate tlie complicated stratigraphy. 

In the Olympic ^fountains the Tertiary^ rests indiscriminately 

* Rosebufg Folio, No. 4^^ U. S. Gcol. Sur^p Pori Orford Folio, No. 
8g, U. S. Geol. Sun, 190^^ Mesozoic Sediments of Sonihwestern Orcsoii+ 
Am. /iJiar, Scl, XXTlLp 1907, p. 401-421; ^VStr^itsi containing The Jurawic 
Flora of Oregon," BwJr GeoL Soc. /Ihi., XTXr, 1908, p, j67'-4u2. 

MesoJEoic of Southwcslem Ore^Ti," Jvur. 0/ GetfU XITI., 19OS. 
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upon indiirated shales, sandstones, and conglomerates oi supposed 
Cretaceous age^^ and a great complex of metamorphic sandstone, 
shale, radiolarian chert, glaucophane schist, and greenstones cut 
bv peridotite serpentine, a series closely resembling the Pranciscan 
of southern Oregon and the California Coast Ranges. 

In the Cascade Mountains of Oregon and soiithem Washington 
the contacts between the tertiary and older rocks are usually ob¬ 
scured bv outpourings of lava but farther north Russell has 
described ilesoaoic and older sediments associated with granite, 
greenstones and serpentine. 

On Vancouver Island the Vancouver Series underlies the Oligo- 
cene; it is composed of slates, limestones, and greenstone-diorites of 
supposed Carboniferous and perhaps also Triassic age, cut by bio- 
tite granite. This has been described by George M. Dawson.’* 
Farther north in the Straits of Georgia Cliico rocks have a wide 
distribution. 


EocENt Deposits—The Tejon Serif.s. 

Eocene deposits form a large proportion and from an economic 
standpoint the most important part of the Tertiary sediments of 
western Oregon and Washington. These belong so far as known ex¬ 
clusively to the Tejon Series. Everywhere that a contact has been 
observed the Tejon lies directly on the pre-tertiary rocks, so it 
appears that the Martincs formation (early Eocene) of California 
is not represented on the north Pacific coast. In addition to being 
the most widespread formation the Tejon is die most extensively 
developed. Prevailing low dips render it impossible to study it 
conveniently in any one section, but from data obtained m the coal 
field of Pierce County, Washington, and several other partial sec¬ 
tions it is probable that 15.000 feet is not too great an estimate of 
the thickness of tlie series in western Washington, white in Oregon 
at least 13.000 feet of beds stratigraphically higher arc present. This 

” Arnold, R., ButL Ctol Sae. Am., XVIIL. IQO^ p. 4S9- 
‘^‘'A Preliminary Fap«r on the Geologj' of the Cawade Mountains in 
Northffn Washington," soth Ann. Rept- U. S. GeoL Sur. (ID, P- 
^•ed Ann, Rept. Geol. Siir. Car,, 1SS7, p. xoB-tsB. 
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extraordinan' developmetit of sedbnefits is only to be expbtncd by 
a consideration of the nature of the deposits. These are at some 
points coarse basalt tuffs and at others, and by all odds this is the 
most prevalent type of sedimentation^ worked over volcanic eject- 
menta in the form of sandstones or shales deposited under estuarine 
conditions, evidently with considerable rapidity. 

Three divisions, the Chehalisp Olequa, and Arago formationSp 
represent welt-mariced pabeontoLogical horizons that can be recog¬ 
nized by characteristic faunas and floras over the North Pacific 
Coast* The latter Is not found in juxtaposition with the Chehalis and 
Olequa and may represent a later phase of the Eocene equivalent to 
the lone of California. 


Fntnto/ Diinsiotts of the Tejm SertVf. 


Tejon 

Series 


1 Tropical flora— 

Arago formation—zone of Feiterinifdta I fan-palmSp magno- 
Anr»l variety with obsolete ribs ^lias, figs, and fems. 

Olequa formaiion 1 zoneof FfiienVftrrfKi Austral flora— 
Chehalb formation J h am i Gabb’^* bi rcheSi sycamores 

land chestnuts. 


The Chehalis and Olequa formations usually consist of fine 
material and are essentially estuarine deposits throughout^ contam- 
ing numerous lignite beds interstratified with alternating fresh water 
and marine sediments. The .\rago of the Coos Bay-Port Orford 
coal fields is similar but commonly cotisists of coarser material 
partly arkose in character* Farther nonh in Oregon this horizon 
IS represented by basic flow's and coarse bedded tuffs occasionaHy 
carrying marine fossils. In the Rosebnrg district it is essentially 
tuflFaceoiis sandstone of marine origin. Coarse basalt tuffs carry¬ 
ing marine fossils and interbcdded with basic flows and a sub¬ 
ordinate amount of sandstone on the north coast of Washington are 
also referred to this horizon on the basis of palaeontological 
evidence. 

Usually cited Si V. Lam., but the real is toe5ued 

Co the Martinet formation on the Pacific Coait 
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The Chehotis Farwation. 

The term Chehalis sandstone was used by Lawson"* for some 
arenaceous bedded tuffs containing marine Eocene fossils exposed 
in a water tunnel through the hill east of the city of Cliebalis, 
Washington. The beds here form an intregal part of the south limb 
of an anticline in which several diousand feet of conformabk strata 
are involved, the friable nature of the rock rendering an exact 
estimate of the thickness difficult without instrumental measure¬ 
ments The upper beds exposed by tliis anticline are distinctly 
marine tvhik the lowest are probably of freshwater origin judging 
by the presence of workable coal seams. 

This anticline is in turn one of a series of folds whose axes 
have a general east-west trend, exposed along the lower slopes of the 
Cascade Range cast of the Portland-Taconia railway from a few 
miles soiitlt of the Cowlitz River northward to Tenino. Upwards 
of 10,000 feet of bedded tuffaceous and lignite-bearing sandstones 
and shales, to a large degree of estuarine or freshwater origin, but 
with frequent local iones of marine fossiliferous sediments, are 
Liivolveti ifi this folding. 

Other areas of the Chehalis formation are llie Balch syncline 
west of Chehalis and Ccntralia, the King Countj- coal fields extend¬ 
ing from Allentown in the Duwamish ^^alley eastward and south¬ 
ward beneath the glacial drift to Renton, Green River, Newcastle, 
and Squak Mountain, and the lowest 2,000 feet of Eocene in the 
Pierce County coal field, the beds in which the Fairfax and Monte- 
zuma mines are located, 

Xo equivalent strata have been recognized dscwhere in the north¬ 
west blit the Tejon of the type locality near old Fort Tejon m 
California evidently represents the same faunal stage. In many 
respects the Chehalis fauna is similar to that of the succeeding 
Olequa formation, but the floras are markedly different^ that of the 
Chehalis formation lacking sJie distinctly tropical facies of the later 
divisions of the TejoUj and tlius affording a most characteristic 
feature. 

P- 43?^^ 
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Excellent plant localities occur at Steel's Crossing near Allen¬ 
town* the Fairfax and Arontezunia mines on Carbon River* Delazine 
Creek near Elma* and Skooknm Chuck Canon below Bucoda^ The 
Taylor clay mine on Green River, Snoqualmie Pass* the Newcastle 
mine east of Lake Washington, and a point in the hills south of 
where the Centralia-Oakville fault crosses Lincoln Creek are also 
said to have contributed fossil plants belonging to this horizon. 

The following marine invertebrate fauna has been obtained 
from the Oiehalis formation. 

TAc Olequa FoirmathK 

Overlying the ChehaUs beds is a horiaon of the Tejon Series 
which on Olequa Creek in southern Lewis and northern Cowlitz 
counties, ashington, contains an excellent flora, and also marine 
and freshwater faunas. The type section extends from the Erwing 
ranch a little over two miles above Little Falls southward down 
Olcqna Creek to Okqua, a distance of about five and one-half miles. 
The beds inimediately below Erwing's represent a low^ east-west 
syncline in which marine beds are overlain by freshwater deposits, 
and these in turn by plant-bearing shales. Down the river a low 
anticlinal axis crosses Olequa Creek a little above Little Falls in the 
heart of w^hich other freslnvatcr and marine beds arc exposed. At 
tile railroad bridge beloiv Little Falls the upper marine and fresh¬ 
water beds reappear dipping southward and some distance above 
them in nearly horizontal strata appears a thin zone of coarse basalt 
tuff containing numerous marine fossils near the old railroad bridge 
above Olequa. From here southw^ard the Eocene is mantled by 
Pliocene basalts associated with river gravels. 

The same horizon of the Eocene reappears, however, at Castle 
Rock and farther west on Coal Creek above Stella in a more or 
less regtdar repetition of low folds with east-west axes. Prob- 
ably the total thickness of beds in this district docs not represent 
more than 2,000 Or 3,000 feet* 

The flora is noteworthy for the abundance of a large palm, prob¬ 
ably Cahmopsiit cf. datiae Lx. and of cf. C^lifornka Lx. 

As both these species and one or two others identical with Olequa 


Partial Lift of Specief !ii tht CkthaKs Herison af the Ttjatt Series iMiddte 
Eoeene'i on the Cozf^iti River and Bordering the 
ChehatU ValleTt. Washington, 
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LacaUly fi^ndstone^ ctits alOTiff 0. WvMil’vi'ankee Railway east of 

Balchp Washington. (H. Hannibalr} 

Lotaiity shaJy sandstone^ bluffs along Olequa Creek at old Ainstee 
Ktill below Winlock, Washington. (H. HattnibaL) 

LocaUiy r/j; ahaly sandstonep bluffs alon^ Cowliu River below inoiith of 
Drew Creek, \% miles cast of Olequa, Washington. <H. Hannibal) 

Localily /-/j; shaly sandstoiae* water-tunnel on lilll east of Chehatis^ 
Washington. (H. Hannibal) 


Fartiat Lisi o/ Spteies iw iht Ottqua Hffrisofi cf thi T’e/on Siri^l {Middle 
Em me'} ai LiiiU Falis, IV^jhitfgfon. 






^ 1 

7? 

f* 

rs 

Pblecypooa; ' 








Arifntd peUii€tda Oahb... . 



X 





jBonbolia Tmorsti Gabb + + + 

X 

. . . 

X 

■■i 

+ B .■ 

X 

B ■ 

Cnp^ium bmi'cri Gabb ...... 

X 

X 



X 



Wvr * 

X ! 

X 

X ; 

X 


CratflUlIiUt compnxt^ Gabb. 

. 1 





X 


Gabb .. 




X ‘ 




CrasstijtUiUs vmikiKgioniana V/vt J ^. , ^^. 



X 


X’ 



Cyrnta UtretifSens White. + + + 

—- 

- T - 

X 


...j 


iiae-rMoIIiitta eaaradmnii Gabb. ^ ^ ^ ■ 

1 ^ 


X 

X 1 


,, ri 


JrfdJ'rfldJ tfirditritftf Gabb. - __^ ^ , 

X ' 







omoiMS Gabb ^ .. 

K 1 



X I 

X 



Oitrea idriaitjis Gabb ... ..... 

i X ! 

X 

X 

X! 


X 

X. 

Ptc^M Arn.^L ^ __......... 


X 


X 




^^eptifrr dicr^lpmus Gabb ... 




X t 




S^itrn paratlelMS Gabb . + + + . + 


X 



X 



TffSlinn horn i Gabb - . 


X 






Veneriirardfit ht^rnl Gabb*-..... 

X 

X 

X 

... 

X 

X 

X 

GARTBttOPObA? 








4 j Conn .... , i _______ 

X 




X 



Cfdyptrita ixientri^ Gabb + -,,, 1 . + . 

X 

X 

X 

X 


X 

FiiJjpsi§ kwwi Gabb r............. h _ 

X 

X 


I X 

X 

r + * 

. . ■ 

FUhi mamillaliu Gabb , + 


X 






FoiiHUei korrti Gabb. . . .... 


X 

X 

X 




Poli'ttl4:e4 se€i^ Gabb ..... ... 


X 

X 


X 



Pifudolfm t9fH$a‘formh Gabb 


X 



i ^ 



RimfUa limpies Gabb., ^. n, .. ..... +. * ^ . 

X 

X 


X 




Sim um obUquu m Gabb .. . .^, 

X 

x: 




ran'iJi'tlii imijana Conr.. ... 

X 


X 

X 


X 

... 

SCAF£]CilK>bA: 








i^cato^i'uai iooperi -Gabb. .....- - - ^ 



X 





Deftlaitum siramimetini Gabb .^. ... 

X 

X 

X 

.. . 


. .. 



Species supposed to Le characleristic of this honEon. 


Lucatiiy 6s; sandstone, blulFs along Oleqtia Creek between falls and town* 
Lillie Falls, Washington. (H. HannibaL) 

Lccaiity 66; tuffaceous sandstone, bluffs at jitnclion of Olc^ua and Still¬ 
water Creeks Oitle FalU, Washington. (K. Hannibal.) 
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Locaiiiy 68; ^andslcrtie and tuffaceons marl^ bluffs ou Stillwater Creek at 
<)ld logdam and fpr one fourth of a mile ]>dow^ Little Falls^ VVa&bmgton- 
(H. Hanoikab) 

Lasritlity 70; tuffa^cous sandstonCk bluffs sJonjj StiElw^tcr Creek three 
founhs of a mile west of junction witli OleQua Creeks Little Falls, Washin^- 
lon. {IL HannihaJ.) 

Locality 7j; basalt tuff* cut on Portland-Tacoma railway two and one naif 
miles south of Little Falls^ Wasbington. -{H. HannibaL} 

LocalUy 74; sandstone, gulch below Racksirom ranch, Brim Creek^ I-ittle 
Falls, Washingion- (H. ITannihab) . ^ 

Localily yj; lienitic sandstone* bluffs three fourths of a mile above Coo 
^lurphy ranch on Stillwater Creek, Little Falls* Washingtoai (tL Hannibal.) 

forms arc present in the Swank formalion at Liberty"! \V ashingtoiij 
It Is probable that the two deposits on opposite sides of the Cascade 
Mountains are approximately contemporaneous. 

An excellent plant locality in the Olcqua formation occurs on 
Olequa Creek above Little Falls, another is situated in the hills 
w est of Castle Rock. The plant localities at the Carbonado and 
Wilkes ton coal nfineSi South Prairie Creek above the Burnett Mine» 
the Bellingham and I-ake AMiatcom mines, and near Maple Falls on 
Mt. Baker may be referable to this horizon. 

The following marine fauna was collected on Olequa and Still¬ 
water Creeks near Uttle Falls. 

Arago FormaiwiL 

The type section of the Arago formation^is taken across the 
strike of a steeply tihed fault-block which may be estimated to irt- 
dnde approximately 10,000 feet of alternating marine and fresh¬ 
water sediments, partly arkose and partly tuffaceous in character, 
without the base or top of the formation being exposed. A much 
larger area in which more than 15,000 feet of sediments are repre¬ 
sented extends east^vard from Coos Bay to the base of the Cascade 
Mountains and northward along the w'est flank of the Cascades and 
through the heart of the Coast Range, besides underlying and out¬ 
cropping in the Willamette Valley across which the formation tvas 
once continuous. In the northward extension of the Arago in 
Oregon the sedimentary deposits become more and more replaced 
See T S. Dilter, Coos Bay Folio; No. 73. S, GeoL Stir., 1901. 
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by basic volcanic flows and agglomeTates, until on the Santiam 
River east of Albany and the Nehalem River in Oalsop and Colum¬ 
bia Counties only i^eous rocks are present, the few fragmentary 
fossils on which the determination of the age of these Lavas is based 
being obtained from coarse tuffs. 


Partial Liit €>f S^tsits in tht Arago Uorison of tht Ttjon Serits iMiddlt 
Eoertfe) of $out}r.i>esUrn Ortgon and thf North Coait of Worhinglon. 
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L^calUy sandstvne and shaSe, s«actiR:& between tnoutb o^ Big Creek 
and Cape Gregoryp Coos Bay, Oregon, (H. HaitnibaL) 

Loca/i/y jj; sandstone and shale, seacliffs at Mussel Reef betv.^Gcn Coos 
Head and Cape Gregory, Coos Bay, Oregon- (H. Hartnibal.) 

Locality 40; sandstone^ one fourth of a mile bdow top of grade nortb 
of Fivfr-niile Creek, Bandon, Or^on. (IT Plannib^L} 

Locality pp; tnfFaceoiM sandstone, blufTs along Uttle River at junction 
with nonh fork of Umpi^iia River, Glide, OrtgorL (K. Hannibal.) 

Lacalify ud; basalt luff, seaclifTs between pier and Point Crescent, Port 
Crescent, Washington. (H. Hannibal.) 

LerflfiVy basalt luffs, seactiffs immediately southvtfest of Tongue 

Pointp Port Crescent, WasbingiotL (H. Hannibal.) 

On the north coast of Washin^oo the senior authqr=^ has termed 
a series of coarse hea^^-bedded basalt tuffs with intercalated flows 
and a minor clement of sandstone the Crescent formation. Collec¬ 
tions of fossils from the tuff and sandstone obtamed by the junior 
author in 1912 indicate that this formation is the stratigraphic 
equivalent of llie Arago. 

The Benton County hills a mile norlh of Granger, Oregon, 
Mary's Peak near Philomath, the Willamette River above Spring- 
field, and tile north Santiam River between Lyons and Kbigslon 
have yielded excellent plant remains pertaining to this Itoriaon, usu¬ 
ally in a white or pink Thyolite tuff intercalated wnth the basalts. 
Knowlton^^ has also described plants from a locality in the Arago 
near Comstock in Douglas County and another on Coal Creek in 
Lane County. Several near Ashland may represent the same horizon. 

The following fauna was obtained from the type section south 
of Coos Bay and from points on the L^mpqua River, Oregon, and 
the nor ill coast of Washington. 

OuQOCENE Deposits—the Status of the Oligocene of the 
Pacific Coast* 

Cniil a comparatively few years ago the tertiary' of the Pacific 
Coast was classified on a three-fold basis—Eocene* Miocene and 
Pliocene, and the term Oligocene was a vague indefinite division 

^Arnold, R., BkIL GeoL Scc. Am^ X\TI., 1906, p. 460. 
aoth Ann, Heptr U, S. GetsL Sur.j Pc III,, iqoo, pp, 37-6^, PL 1 ,-V.; 
Bull 204, U. S. Gcol- Suf,, igo^, p. rri. 
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recognized by European geologists, but no equivalent straia were 
known on the Paciiic Coast. In i8^ Dall=* used the terni Oiigo- 
cene for the first time in connection with Pacific Coast stratigraphy 
to cover the Atnria bed/" Astoria shales, and doubtfutty {and cor¬ 
rectly so since it is not a homogenous formation) the Tunnel Point 
beds of the Oregon Coast. Following diis the senior writer** placed 
tlie San Lorenzo formation of California in the Oligocetie on the 
basis of its equivalence to strata referred to that period on the north 
Pacific Coast. 

Were the Pacific Coast Tertiary the standard for the world it 
is obvious that a three-fold division w'ould be recognized. The low¬ 
est member would consist of the Martinez and TejoUp equivalent 
to the present Eocene. The succeeding division would embrace the 
Sooke. .Astoria, Vaqueros, and Monterey and correspond to tvhat 
has been commonly called OHgocene and Lower Miocene. The 
third w'ould include the numerous usually local formations of which 
the Empire is the oldest and the Elk River and Deadman Island or 
Santa Barbara Pliocene the youngest, in other words the middle 
and upper Miocene and Pliocene, there being no w^elLmarked hiatus 
in this part of the world between beds of Miocene and Pliocene age* 
as these divisions are currently recognized. 

A direct correlation betw^een the Pacific Coast marine Tertiary 
and the deposits of Europe and bordering the Gulf of Mexico is 
impossible owing to the almost total absence of identical species 
except in the Eocene. The nummulites and corals which have been 
depended upon to establish the contemporaneity of the Oligocene 
of Europe and the Antilles are not kiiowm on the Pacific Coast, and 
there do not appear to be any other forms that will serve the pur¬ 
pose- Flowever an assumption that approximately the same time 
intcr^^l is represented by the Pacific Coast deposits may be based 
on certain broad resemblances. 

In the closely allied succession of strata commencing with the 
Sooke and terminating with the Monterey, the oldest beds lack so 

A Table &f North American Tcrtiaiy Horizons Correlated with One 
Another and Those of WeaEern Europe with Annotatlonip" iStb Ann, Rept 
U. S. Geol. Sur. <IL), p, 

Prof. Pap, 47. U. S. Gt:oL Sur, p is ^ 
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far as known any recMi sp^ies of tnollnaca while the number grad¬ 
ually increases to about 6 per cent* of the fauna in the Moiitere>. 
The proportion of species extending from the Motilerey into tlie 
Middle Miocene is somewhat greater—perhaps 25 per rent. Two 
or three long-lived species known in the Eocene range through the 
entire Sooke-Monterey succession. With two notable exceptions^ 
the Sooke and Twin River formations, this entire succession is 
decidedly subtropical in facies. There is a conspicuous element 
of distinctly Eoccne-Oltgoeene genera throughout^ such as 
tites^ Anuria, Mobpophoriu, ExiO^, Ferissohx^ Prwca/irJKJ^ Strep’ 
and giant Turritellas, associated with an exceptionally large 
number of species of TurnSr PtttAlaj Eudo- 

1 mm, giant Limas, and Other usually tropical genera unknown or of 
exceptional occurrence in the later deposits of the district- 

This Oligocene facies of the fauna is very obvious iu the Sooke 
and Astoiia, but less marked in the Vaqueros owing to the additional 
presence of Lyropctttti and giant Ostreas,. typical Miocene types 
which, however, must have had their beginning in earlier strata to 
have become so widespread and importaitt an element of the Mio¬ 
cene fauna. The Monterey is faimally closely allied to these other 
beds by numerous identical species, but as far as oUr present knowl¬ 
edge goes, might be placed equally well m the latest Oligocene or 
tlie earliest Miocene on the basis of the general faunal facies- 

TitE Sooke Formation- 

Occupying several disconnected areas along the south coast of 
\^ancoover Island from Bechcr Bay westward to Sombrio Ri^er 
near Port San Juan and perhaps farther, is a formation originally 
described as probably upper Miocene owing to the boreal t^'pe of 
fauna. This Merrram^* lias termed the Sooke beds. With the ex¬ 
ception of the type area between Muir and Coal Creeks several 
miles west of Sooke where drillings have sliown the sediments to 
be more than l^500 feet thick, the beds comprise only a few feet 
of basal conglomerate usually less than the height of the sea cliff $ 
in thickmess. These lie directly on the bedrock coinplex, the Van- 

=* Bulk Dept. Geol. Univ. CaU, 11, iSg6, p. lOl-S. 

PBIOC AMEK.. PHIU SOC.t LIh 213 S| rRlXTf:U NOV, t^l3. 


B76 


ARiCOLD AXD HANXIBALp-MARINE TERTIARY I April 


couver greenstont-dioritc^, and on lluir Cmk ^ mile or two back 
ftom the coast the g^reefistone is exposed beneath the Sooke in the 
bed of the Canon so that the development of the sedimentanes on 
the coast is evidently only local. 

The following fauna was obtained from this formation. 


Fariial Llsi 0/ Species in ihc S&ak* Ptyrm^fion (Xtidd^e OUgocti^) &f ihe 
SQuthcm C&asi of Vancouver Island. 





! iJJ 

PeLUCVpqoa? 




maihcteitcni Cabb. .. J 

1 X 


X 

Macr^aUista tteveawabei Mnn. ***...,. 

X 



MyiiUi sammamishcKiis WWt . .,,... . 

Gabb- .., 

X 

X 

X 

X 

X 

FccUm WanKcri Anj.*** . *,... 

Ph^XJiidcs aeuliiittsain^ Conr . 

X 

A 

X 

A 

X 

X 

Salrw fuWia Cobr . , 

X 


srt 

Spixvia fl:ife[jrP 4 i Conr.. .. 

X 



TclitHA orceoifevjfj Conr. .., 

X 

V 

y 

Y^la wegona Shum .......... 

X 

A 

■^ 1 . 

Gasthhofoua? 




AUctjryoH mcwctmtSci Mnn.**' . , 

X 

X 

X 

BuIIm bKcciiu>£d^s M rm. . .. 

X 

X 


CrcpIdtUa pTittiapia Coiu:*_. .. ^ ^ 

X 



pflmouiffM Conr. 

X 

3 


NQtica orstoKcnsis Cour . . , 

X 

X 


F^tif gfojrutfieit Mrm.**' . .. ..._ 

X 

X 


Fa/fnirrjr m££o^a Gabb........ 

X 



F^inkxs i4tianm DalL . ..., 

X 

X 


SCAPKOrODA; 

oHieddi DaH ....... ^ 



X 


Species characterislic of thk horizon. 


Locality sandstone and congloinerate, ifieaelifTs between Muir and 
Coal Creeks west of Otter Point, Sooke. Vancouver Island. (C New- 
combe and H. Hnnnilial.) 

L^attiy I jo; basal sandstone, seachlfs al Fossil Creek, two miles west of 
Shemnghini Point, Jordan River, Vancouver Island. (H. Hannibal.) 

Locality ijr; basal sandslonct seacliffs one half of a mite east of Slide 
Hill telegraph station. Jordan River, Vancouver Island. CH. Hannibal) 


Ttie AsTOiiTA Seftjes. 

The name Astoria formation as applied to a stratigraphic divi¬ 
sion of the Or^on Terdaiy’ was first used in print by Cope*'' who 

=Mm. XJV., lS8o, p. 457- 
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says unpublislied notes of Prof* Condon, formerly Stale Geol- 
ogistj stale that the backbone of the Coast Range tonsists of argil¬ 
laceous shales, which contain invertebrate and vertebrate fossils, 
frec|uently in concretions. Some of the latter are PliysoclostOus 
fishes with strongly ctenoid scales. To this fonnationt Bf- Condon 
gives the name of Above this is an extensive Ter¬ 

tiary deposit rich in Mollusea^ which is usually interrupted by the 
central elevations of the mountain axi?. Prof- Condon refer$ this 
to an Upper Miocene age under the name of the Sohn heds.'^ 

As in ihe instance of other Tertiary formations named before 
the niodem exact metitod of describing a ty-pe section or area and 
basing a formation on it came into use, tlic definilion of tlie Astoria 
Shales is vague, and has led to the inclusion under that name of 
nearly all the Lower Miocene-Oligoccne of northwestern Oregon 
ill spite of unconfirmed suspicions on the part of several California 
geologists that more than one horizon was represented there. Un¬ 
der the circumstances it is desirable to go back and see wdiat Con¬ 
don intended the name to cover. 

At the time of Hannibars visit in 1911 the sequence of faunas 
and range of species in the North Pacific Coast Oligocene and Lower 
Miocene were not understood, and except for keeping the material 
from the several localities at Astoria separate no attempt was made 
to work out the stratigraphy and it was not until the excellent sec¬ 
tions exposed along both coasts of the Straits of Fuca were care¬ 
fully collected in during the spring and summer of 1912 tliat a 
definite clue to the presence of two formations at Astoria was ob¬ 
tained, A second visit was paid to the section there during that 
summer, and latcr^ through tlic courtesy of Prof, Collierp Condon's 
collection at the University of Oregon was briefly exaniiued with 
the idea of deciding what Condon intended the ^' Astoria Shales" 
and beds"' to Include. 

From the Astoria Shales there is in the Condon collection a 
quantity of invertebrate material and fish remaihs’* largely incased 
in gray limestone concretions, and derived without doubt from the 

See the forma figuTcd in the Atlas Geol. W ilke^s ExpL Exp., 

PI. XVI.-XVII. 
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low westward dipping monocline of ashy shales which extends 
from above Tongue Point, several miles up the Columbia River, to 
Smith Point below the dlVp forming an unbroken bluff hack of the 
towTi beneatli the scattered areas of Pliocene basalt. Most of liie 
distance these shales reach down to the water's edge and quantities 
of round or kidney shaped gray limestone concretions are washed 
out of them by the combined action of the tide and river currents* 
Practically the entire succession of beds in this monocline represent 
the Seattle horizon and it is probable that this is what Condon in¬ 
tended to be his type section if he had any specific section in mind. 
However, the collections and description indicate that he also in¬ 
tended to include in the Astoria the San Lorcnito Shales of Clatsop 
and Columbia coimltes which conformably underlie the Seattle beds, 
and make up to a much greater degree the sedimentary portion of 
the backbone of the Oregon Coast Range. 

The beds'' evidently comprised three things^ the Empire 

sandstone of the Coos Bay district with Solen skarius Gld., the 
sandstones with Soka cart us Conr. at the foot of i9tli Street at 
Astoria^ uncotiformable on the Astoria Series and from the accom¬ 
panying fauna evidently Montcreyr^ and the basal San Lorenzo tuffs 
at Smithes qoarrT.^ near Eugene willi Sokn curt us Conn As this 
last locality is isolated from the main Astoria area and the fauna 
is quite distinct from that in any of the shales of the Astoria, though 
the difference is entirely the result of the character of the bottom 
at the time the beds were laid dowm, it is not surprising that Condon 
should have supposed it to represent a horizon nearer to the Monerey 
locality at Astoria wdiich contains one or tw^o common specieS^ 

The writers propose therefore to use the name Astoria Series, 
not in a loose sense for all the Oltgocene-flower Miocene of w'cstern 
Oregon hut as a general name for the conformable sequence of 
beds here divided on palaeontological evidence into two horizons, 
the San I^rcuKO and Seattle formations. To these are added on 
the north coast of ^\'■aslungton a third division, soft semicoherent 
beds everv where else removed by erosion before the deposition of 
the Monterey, the Tw'in River formation. 

See list from liere m connection with the description of the Monterey 
fomiatioTL 


PROCEEDINGS Am^ pHtLOSr SoC. VOL, Lli NO. 
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FlO. f,. Tuffaccou^ San l.nrcnic »aTid»tont <A»(oria s«ni*) at oM Smilh 
Quarry, Kuiiviic, Orv^on, ,, 

hK H. W'eathcrcrl basic tuffs i„ S»» ^Tcnan fomiatinu (Ai- 

lorla writs) on Vance Creek soiilhif^elt of Union City, Washm^tO - 
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Twin River formation (zone of 

Rgn., TurriteUa orfgonfiisis Conr., and Foli»ices 


Astoria 

Series 


otympidii Rgn,)* 

Seattle formation (tone of Acita gettyshirgensis Rgn,, 
TBmVMfo aw/HnsrfoMitfiin Doll. TurriteUa nezvcombei 
Mtm., and Miufocotlisto ’VCSpCFlitto Conr.). 

San Lorenzo formation (zone of *^fi7o shumardi Dali and 
dalti Am,, Turritelh iiewcombei Mnn, Turciaila 
Wall, and Macrocottisia pittsburgensis 

Dali), 


The average thickness of the Astoria Scries is not less than 
13^ feet, hut at some points it attains a much greater develop¬ 
ment. In the Cape Flattery- section about 17.000 feet of apparently 
conformable coarse sandstones and conglomerates, derived largely 
from Uic bedrock series of Vancouver Isbnd. from their fossil con¬ 
tents appear to belong exclusively to tlie San Lorenzo horizon. The 
base of the section is cut off by faulting at the mouth of the Soo*e3 
River while the uppermost beds pitch beneath the waters of the 
Straits of Fnca, Between Winlock and Shoal water Bay, also in 
Washington, is a monotonous westward dipping succession of the 
Astoria Scries which if aggregated would total more than 50,000 
feet of beds. The paucity of outcrops and the recurrence of certain 
igneous flows and tuffs associated xvith the same basal San Lorenzo 
fauna suggests the presence of a repetition by step faulting which, 
with the limited time spent in this district of heav^ forests, it was 
impractical to trace out. 


Tkt San Lor^nso Formatio». 

The name San Lorenzo formation has been used by the ^ior 
writer*' for a scries of sandstones and diatomaceous shales in the 
Santa Cruz Mountains, California. Nearly the entire San Lorenzo 
fauna reappears at a definite horizon in the Tertiary of the North 
Pacific Coast, L r,, the lowest faunal division of the Astoria Senes. 


M Prof. Pap. 47, U. 
U. S. Gcol. Sur,, i90>: 
P- 348 . 


S. Geol. Sur,, 1906, p. 16; Santa Crai Folio No, 163, 
Froc, U. S. .Vuf, -’fur,, XXXIV, No. 161?, 190a, 
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It is ttierefore convenient to use the name San Lorenzo here as 
well as in California. 

On the North Pacific Coast the San Lorenzo ordinarily con¬ 
sists of two members; a basal sandstone and conglomerate varying 
from JO to 500 feet or more in thickness and composed largely of 
w’orked over volcanic cjcctmentaT lying on the basalt or andesite flow 
which at many points marked the opening of the Astoria epochs or 
directly on older rocks j and a shale member several dionsand feet 
thick ordinarily arenaceous^ gray and massive^ less frequently ashy 
and dark colored^ or calcareous and bluish. Seen under the micro^ 
scope this shale is composed largely of fine volcanic detritus and has 
little of the organic character of the San Lorenzo shale of California- 

The principal areas of the San I^orenzo format ion on Vancouver 
Island form the narrow intermittent strip of Oligoeene sandstones 
and shales bordering the southwest coast from Sombrio River w^cst 
to Barkley Sound. In \\ ashington the conglomerates of the Cape 
Flatter}' section and eastward to Shroud Head; the sandstones and 
shales overlying the Oligocene basalts and andesites south and west 
of Fort Townsend; the sandstones overlying the lower Astoria 
basalts west of Port Orchard Sound and forming the tower half of 
the Bainhridgc Island section of the Seattle Monocline; the shales 
"Overlymg the basal Astoria basalts north and cast of Oakville, 
Porterjand Elma; the lovvest Oligocene exposed in the [..incotn Creek 
^section; and a large part of the monocline previously mentioned 
as occurring Avest of Winlock including the WLnlock, Pe Ell Hob 
comb, SkamokaAva and Upper Nasel River exposures are note¬ 
worthy, In Oregon the Astoria shales south of the Columbia River 
at Gatskanie. Scapoose, the upper Nehalem Valley, and West Dairy 
Creek, isolated exposures about the borders of the Willamette Valley 
at Silverton^ McCoy, and overlying the Eocene basalts at Eugene 
and Springfield, the low^est beds of the westward dipping monocline 
between Blodgett and Newport, and the steeply dipping section 
exposed in the seacliffs south of the entrance to Coos Bay between 
Basendorfs (Miner^s Flat) and Tunnel Fomt should be regarded as 
contemporaneous- The so-called Pliocene of the Yahates River 
belongs also to this horizon. 


*913.1 stratigraphy of pacific coast of AMERICA. B81 

A typical San l^orenzo fauna has been collected from the area 
north and east of Porter, "Washington. 
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Dali nnd mgifintm Dali, and MiopUionut mdvrato Conr. are also character- 

islic ipecles (i-f lliiis hdriKOn. 

LccoJiiy so; massive shab' sandstone, road cuts onejourth of a mile 
southeast of £rtcr alorj* Chehalls River, Washmston. (H, Hannibal.) 

» Species characteristic of this horiieon. 

*’ Species still living. 
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Loc^lily 51 ; basal marly ttiffsp blulTs at old logdam on Poner Creek 
one and one half miles above Porter, Washington. (H, HannibalO 

Lccaliiy massive shaly sandstonep bluWs one fourth of a mile below 
logdam on Porter Creek. Portefp Washington. (H. Ifanjiihal.) 

lota/ify ij; massive shaly sand^tonep bluff on Chehalis River below 
Porterp Washitigton, (H. Hannibal.) 

Li^eafiiy ^ 4 * massive shaly sandstoncp bluffs along Porter Creek three 
fourthfi of a mile above Porter, Washington. (H. HannibaL) 

Lotrality 55 ; massive shaty sandstonCp. ml on Lytle logging R. R, near 
top of ridge one mile above switch, Portefp Washington. (H. Hannibal,) 
Locality massive shaly sandjtoite^ bluffs along Porter Creek one mile 
above old logdam, Portefp Washington. {H. HanniljaL) 

LornffJy /op; basal tuflaceaiis conglomeratep beds i mined Lately overlying 
^salt at quarry on N. P. R, R., one mile west of OikvLlk* Wa&hingtoh. 
(H. Hannibal.) 

^ Locality .^7, tuffaceous shalep blu ffs along Vance; Creek two and one hal f 
ti^cs iiinGtioti with Skokomi&h River and thirteen mile^ above Union 

City, Washington. (Thos, Purdy, Ed. .McCreavy, and H. Hannibal) 

The Setittle F&rmation. 

In the sections at Gettysburgp Bambridge Island, Lincoln Creckp 
Kasel River* NdiaJem River, Yaqnina River, and several other 
points the San Lorenzo formation is overlain conformably by a suc¬ 
cession of beds usuatly finer grained, thinner bedded^ and more cal- 
careoii.Sp though the exceptions are too numerous to mention, con¬ 
taining a rather different fauna of less disttneUj tropical type and 
a forerunner of the boreal Twin River fauna which succeeded it* 
The most fossiliferons exposures of this formaHon are in the upper 
beds of the northward dsppiug Seattle monocline extending from 
Restoration Point on Bainbridge Island across Admiralty inlet to 
Alki Pointi Georgetownp and Columbia City in Seattle and reappear¬ 
ing east of Lake Washington near the mouth of Coal Creek below 
Newcastle^ The maximum thickness is exposed on Bainbridge 
Island and aggregates perhaps Jpooo or 4,000 feet of beds. 

Other exposures are to be found in Washington on the north 
coast east of Gettysburg and at the mouth of tlie Sekiu River, in the 
uppermost Oligocene beds of the Lincoln Creek seettonn the beds 
unconfomiable beneath the Monterey sandstone south of Elina on 
Delazine Creek* the low^er Nasel River and Ilwaco Sections^ and the 
bluffs at Grays River. In Oregon the Astoria Section, the beds at 
Nehatem Harbor, and those about the head of Yaqnina Bay are 
contemporaneous. 
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Tile following fauna was obtained from the Seattle Monocline 
and at Astoria. 


Parthi Liil of Sptckf m tht Smti* Hofisott of ike Anoria Senet (Middle 
Oligoeene} of SeottU DUtrifl. Wathineto* and at AtHfrk, Oregon. 
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Loeolity 46: ashy shale* with limestone nodules, beaeh at loot of 46th 
Street, Astoria, Oregon. (H. Hannibal.) 


Spetles characlerisitic ot this horizons 
Specie^ still livinE^ 
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Li>caliiy 17; asliy shales with lirnestocie tiodute^, beach between foot of 
Htill Street and Sittith Feint, Astoria, Oregonr (IT, HannibaL) 

LfJcalUy -?7j; ashy shale, bluff bade of town between lit and ijth Streets, 
Astoria^ Oregon. (11. HannlbaL) 

Locatiiy 48; sandy shale, bcadi from Alki Point sooth one fourth ot a 
mile alofig shore of Puget Soondp Seattle^ WashbgtOn, (H. Hannibal.) 

Lofraiity 4^; massive shale^ railroad trtits between Argo and Georgetown 
Stations, Seattle^ Washington, (H. HannibaL) , 

LocaUiy loj; shaly sandstone, beach between south side of entrance to 
ElakeTy Harbor and Rcstaration Point, Ealnhridgc Island, Washini^on. 
CH. Hannibal.) 

Lotalily sandstone, bluffs overlooking Andrews Bay^ Lake Washing- 
ton, three fourths of a mile east ot ColuEnbia City Station* Sealtte^ Wash¬ 
ington. fH. HannibaL) 

UcaUty sand.stone, bluffs along Coal Creek three fourths of a mile 
above Uke Washington. Newcastle, Washington. fH. Hannibal ) 

7'ttnii Rwer formation. 

Conformable above the Seattle beds in tlie section of the Astoria 
series between Port Crescent and Pysht River On Oie north coast 

Par/ jo/ List n/ SpecUs rn //if TrWn Rwtr Horison of the Astana StArs 
(Middh OHgoeeney o/ /hr A'orffi Cmsi of IVaskmgton. 
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Locafiiy JifO; cby sbg-lcs^ icaclSffs wpst of Twin for a f^istiince of thrse 
fourths at a mile atong shore, Olyropic Peninsula, Wasbington. (A. B. 
Reagan^ H. Hannibal.) 

Lccaliiy izi; clay shales and sandstone, seadiEs at Arc Reef Point two 
3Jid one half miles west of Twin, Wasbington. (H. Hannibal.) 

L<r^alify 122; sJialy sandstone^ scacJiHs one half to three miles east of 
Twin, Wafibington. (A, B. Reagan, H, Hannibal.) 

iLefn/i/y sandstone and shale, seacliffs at small point west one mile 
from Deep 'Creek, Twin, Washington. (H. HannibaL) 

Lffcaliiy fjp; shale and sandstone, seacliffs one and one half mites east 
of Pillar Points Twtn^ Wajhington. -{H. Hannibal.) 

oi Washington and extending from about three miles east of Twin 
River west nearly to P>^sht Bay where it is faulted against the 
Monterey, is a stretch of soft elay-shales perhaps 2,000 feet thScb 
intercalated with occasional thin beds of sandstone that wash out on 
the beach as Bags. These beds, both shales and sandstone, contain 
a fauna of a marked boreal ty^e. Most of the species are unde- 
scribed^ but tlie few already known indicate that it is quite as closely 
allied to the Vaqueros and Monterey as to the San Lorenzo and 
Seattle fatinasp yet sufficiently distinct from all of tiiese. 

The horizon is named from the locality where the best fossil 
collecting was obtained^ 

The Monterey Form.^tion (Oligocexe-Miocene)* 

Tlie term “ Monterey Shales ” has long been current in the geo¬ 
logical literature of California for the great series of diatomaceous 
shales first described by Blake®^ and Lawson** from Monterey in 
that state. While these deposits are particularly mterestfng to the 
oil geologist on account of their petroliferous character, their affirtl^ 
ties have long been uncertain owing to the impoverished molluscan 
fauna. Dr, J* P* Smitli®^ ivas probably the first %vriter to correctly 
interpret their relations, considering them as simply an off-shore 
facies of the beds variously called the Upper Vaqueros* Temblor, 
zone, and Turnfelh &Ci}ymta beds. Recently the junior 
writer visited the type section and had no difficulty In securing a 

« Blake, W. P^ Pro£. Phiia. Nal. Sci, Vll., 

Lawson, A. C, Bull, Gfoi Univ. CaLj. I., 

*TPfpf, Cjf. Set (4th Ser.), Ill* 1912, p- i6i-i8;2.^ 
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small but characteristic fauna ftoiti limestocie lenses intercalated in 
the diatotnaceotis shales. 


Parfidi Lilt of tn tkf Mont^rgy Formoii^a iOiis'ooenf-^Mtoctitty 

BtiuxtH- Monigrty and Carmet^ California. 

PiLturiTPociA : 

Area drt.'ineta Conr. (A^ monitrtyana Osiiiotit)A" 

Lgdo iaphria DalL** 

Ltda ptnlfo Cmir." 

A^orcia tongtJio Com. (TrlHna coHj;cjta Conr.).« 

iowwtendi Dali (ranges inio Astoria), 

Pc£tto ptekiiomi Gabb (ranges into Tejon), 

FrHrnVflrefw tnonimyana Arn.*» 

GASTUKirQDA : 

Catiia arnoldi F. M. And. (ranges Intg Empire), 

FioiJ ktrisitinifS Coopen** 

PoHnitts Jox£a Conr,w 
Ttirriirila r/. -^vrialq ConrA^ 

This unmistakably fixes the identity of the ssoue of 

California and what the senior writer*® has described from the north 
coast of Washington as the Qallam formation with the Monterey 
shale, and jt is proposed to unite all these under this prior name. 
It should be specifically understood however that another formation 
in California^ the Ixiwer Vatjueros, i, r., the zone of tlie beds in the 
Las X aqiieros \ alley, to which the name X/’aqtieros was applied by 
Hamlin*^ and jrom which were obtained such species as ^fyiilus 
espansHS Am., Ostrea cf. Taylariana Gabb, Ostrea cf. nVaji Conr., 
Pecten niagnolh Conn, and THmlcffiJ Cofir., arc not in¬ 

cluded in the Monterey. This fonmtion lies unconformably below 
the Monterey in the Santa Monica Mountainsj in the Santa Clara 
River Valley (where it is more particularly characterized by ScuttUa 
fairbmik^ Arn.)^ and in the Santa Cruz Mountains. For it the name 
Vatpieros is retained. 

Perhaps the only objection to the use of the term Monterey 
Formation," and certainly not an important one from a paJaeontO^ 

** Sptciti characteristic of this horizon, 

»» Species still living, 

Ceo!. Jfif. Am., XVIlI.p 1906 , p, 461 . 

•’ Water Supply Paper 89 , U. S. Gcal. Suf., 1904 , p- J4- 
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Plate XLIV 



Ft^ tL. 



FEC. Hr 

FiC, A. UnJslitlinji in soft ciajiJiitrs of Momcrtjf foriniKion on O. W, 
Milwaukee Kaiiwny Ijelweon Co*mo[wli» anil Norik River, Washinglon. 

Fir. a lump-ofT-Jac fock attU Cape Foutwcathcr lit(lit-boiisc, Newporl, 
Oregon.' The roekn in tko foreBroiinil art Monleiey randstone* anil ikalos. in 
the distance basalta intruded in the Monlcre/' 
















< 9 i}.l STRATIGRAPHY OF PACIFIC COAST OF AMERICA 6 S 7 

logical standpoint, is total absence on the North Pacific Coast of 
any beds in this formation, or in any other formation for that 
matter, lithologically similar to the diatomaccous shales so preva¬ 
lent in Monterey of California, This became vital, however, from 
the point of view of the economic geologist since upon the 
presence of such shales or similar organic deposits equally lacking 
here, depends the possibilities of the discovery of petroleum in 
commercial quantities. Except for coal near Clallam Bay. Wash¬ 
ington,** and on the North Nehalem River in Oregon” no organic 
products of economic value are known in this formation* 

The Monterey formation of this region ordinarily consists of 
two members; the lower a massive buff sandstone often containing 
thin lignite seams and attaining soutli of the Chelialts River a thick¬ 
ness of perhaps 1,500 feet; the upper fine soft day shales perhaps 
2,500 feet thick in the same section which is one of the most complete. 

To this formation are referred the conglomerates overlying the 
San Lorenzo shales at Carmanah Point on Vancouver Island; and 
in Washington: the Clallam section and tlie conglomerates uncon- 
formahlc on the Seattle beds between West Qallam and the Hoko 
River; a small area of Tertiary sandstone faulted into the so-called 
CrcTaceous north of the Hoh River; an area of shales faulted against 
the Empire formation on the upper W^ishkah River; the westward 
dipping monoclinal section from a few miles west of Elma to North 
River Junction on the south side of the Chehalis River and equiva¬ 
lent strata south to the WilHpa River; and an isolated area beneath 
the Pliocene basalt on Elocheman River about twelve miles aboiie 
the Columbia. In Oregon isolated areas lying on the .Astoria series 
Or exposed beneath the Pliocene basalt at Mountain Dale, Westport, 
the foot of tqth Street at Astoria, and the south shore of Tillamook 
Harbor are of this age as well as a narrow licit of rocks faulted 
against the Astoria series and extending for several miles up and 

down the coast west of Newport- 

The following species were obtained in the Clallam section and 

at Astoria. 

** R. .Arn&ld, Bull, atSo, U. S. Gfol. Sur-. 190S- P- 4 ' 3 -*P/. 

*» J. S, IXller, lyth Ann. RepL U- S, GeoL Sur., Pt, 1 ., 1S96, i*. 454. 
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ParH^l aiamrrty Formaiion 

th^ C talhHi BayDutnft, ft^hin^, and al Aitaria, 


^^^XECYPOlM: 

At'm dmitiia Com, (A. wwomUfiVana .! 

.'4ir4^ CfPiir^ 

DipUki^mia ptiriUs Cour* 

DoiSniu wkiimgyi Gabb”, ' *' ’ --- 

p^tM its CcfcBr, **■ p + a,,,,*, 

JiXvfaMiiii pifr£;fi Am.^« - -. - ^, , * '" ''' . 

.Warcrfl fnttfimnai, Conr. <Af'. 

.UafnJaj «rt„ C<Khx. f Jf, direttMs DaUlP^. . ' 

ifspiTOjii Gld>*\, ,, ^ ^ ^ ^^ 

Pffitfi /M^prut DalJH _. 

Pffiftt proptMiMftM Conr.^C , I^ I ] 11' .. 
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cur/Ks Conr. .. 
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Ampid^ina otfgoMdrftsh DaJI,, _, 
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Cnpidala priFrupi^ Caiir_ , , ^ 
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Ficm fMM/ordfUiis Arn , ^ r . 
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** Species chaTBCtcrSstic of this Itorijcon. 
Species iins living. 
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Plate XLV 




Fjb, *. 

Ftg, fu AiDiiicri;^ i£tiiil$i|Qnii aL Pillar Point near Clallam B.Ty^ Wuihin^Coiu ^ 

Fic, J, SanclBtoTie dyke in IwiTaceJouB Emihirc bIulLe* on npptr reaEliM of VViulMh Rivur, AUrdetjn, WaBhinjlton, 
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LaeaHty ba^I sandstone and conglomerale, seacliffs eastward froiri 
Slip Point for half a mile along shore* Clatlam Bay, WashingtoH. (A. B. 
Reagan, H- HannihaL} 

LufitlUy /do; masstve sandslone^ seacliffs st Pillar Point near Clallam 
Bay, Washington. (H, Hannibal.) 

I^ocallty J 6 i; shaly sanditonep stacliffs one and one half miles w'est o( 
Fltlar Point near Clallam Bay, \S'a5binElorL (H. Hannibat) 

LoiaUfy t 6 ^; carbonaceous sandstone* scadiffs at Clallani coal mine near 
Gallain Bay, Washington. (H. Hannibal-} 

Lot^atUy jOj; sbaJy sandstone, seacliffs one and one half miles west of 
Oatlam eoal mine near Gallani Eay^ Washington. (H. Harniihal.^ 

The Empire Fohmatiox (Mioci^ne). 

To betls exposed on the east shore of Coos Bay south of Empire^ 
Oregon, Dillet^* has given the narne Empire fomiation. This 
horizon the junior writer found in his field work to be widespread 
in W'estem Oregon and Washington. In many respects the Empire 
fauna is peculiar since it e^'idently repr*?sents the oldest distinctly 
Miocene strata on the Pacific Coast. For* while the fauna is per¬ 
haps most closely allied to the Scutelia br^veriana-S^ g^bbi beds 
of the San Pablo formation of the San Francisco Bay region in 
California, the larger proportion of recent species in those deposits 
and rather niarked faunal differences preclude an exact correlation. 

In the Empire district about 500 feet of beds^* sandstones at 
the base grading upward into massive sbates partially organic in 
character, but more Or less derived from worked over volcanic 
debrisp represent the formation. At Cape IJbnco sandstones alter¬ 
nating with compact beddetl volcanic ash containing abundant plant 
remains attain about the same thickness. In the area betw^een 
Willipa Harbor and Grays Harbor in Washington the base of tlic 
formation Is represented, being marked by a zone of basalt tuffs and 
breccias. The most Important area, however, lies between the Che- 
halls Valley and the foot of the Olympic Mountainsp where the 
formation attains a thickness of perhaps 4pOOQ feet, chiefly sand¬ 
stones at the base grading upward into massive tuffaceoiis shales 
whh some intercalated sandstones. Small Empire areas occur on 
the west coast of the Oljinpic Peninsula bctw'een Cape Grenville and 

« i^th Ann. Kept. U. S- Gk)!. Sur.p Ft, I.. p. 475 
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Partial lilt af Species in the Empire Formafion iMidJJe Mieeene) of ike 
Com Bay-Cope Blanco DiftrUt, Soulfia/csterH Oregon, 
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Plate XLVi 



Fic, A. 



Ft*. 

Ficl a. West (a^r of Ctir>H lltnd. Com Ray, Preson. Empire sandatone 
Overlain by FlcisiMent S5inds. 

Fic. n. Pliocene IwsalEs a* 54 icinlcd wilh river i&^nc|s and gravel on Port- 
land-TaeoELia KaiEway Udow UtUc FaJlf. U’xkahiiiglon. 
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Locality sandstoncp bt tween Blacklock P&tnt and Floras 

Lake, Cape Blanco, OregotL (H. HanntbaJO 

Locality ^6; basnl sandstone, seaclif^s scmtheasl of lighthouse for a mile 
along shore^ Cape Blanco, Oregon, (F. F, Wood, H. Hannibal.) 

Locality jr; massive shalcp beach one fourth of a mile north of South 
Slough bridgen east shore of Coos Bay, Oregon. fH. Hannibal) 

Locality jd; slialy sandstone^ beach between siihmerged jetty and Fossil 
Fock, three miles south of Empire* Coos Bay, Oregom (H, Hannibal) 
Locality jy; basal sandston^ hcacb for a mile toward Empire from Tar¬ 
heel Point* Coos Bay* Oregon. (H, Hannibal.) 

Locality jo; sbaly sandstone, north face of Coos Head^ Coos Bay* 
Oregon. {H. Hannibal.) , 

Locality 4s; basal sandstone, seacliffs between Astoria-Empire uncon¬ 
formity and Gold washers Gidly^ coast w'est of Coos Bay, Oregon, (H. 
Hannibal) 

Locaiity 44 * basal sandstone, scacUffs between Gold washers Gully and 
Coos Head, coast west of Coos Bay, Oregon. (H. Hannibal) 

the mouth of the Quinaielt Kiver, bolween Cap« Elizabeth and Raft 
River, at the mouth of Raft River, and on the Bogochicl River above 

Species characteristic of this horizon. 

Species still living. 

moc, AJlIElt. PMEL^SOC., Ul, Jl? T* PKinTSD KOV, I J* I9II. 
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Mora. Tlie Tertiar)’ rocks of Tchow-un Point/** Que^in Charlotte 
Islands, represent the $aiTte horizon. 

The foUowing fatina ivas obtained at Cape BLnco and Coos Bay, 
Oregon- 


The Mei^ced Formation (Miocene-Pliocene)* 

In terming the Latest Miocene or earliest Pliocene deposits of 
the North Pacific Coast the Merced Formation^ the writers recog¬ 
nize the contemporaneity of the Scotia section of Ed River Valley, 
California* the Coos Conglomerate of Coos Bay, Oregon* and the 
Miocene-Pliocene portion of the Quinaielt formation near Taholah^ 
Washington, with the Miocene-Pliocene beds of the Seven-mile sec¬ 
tion and exposures on Twdve-mik Creek south of San Francisco. 
California^ 

As originally constituted by Lawson*® the Merced formation 
appareutly included two members,, tlie one in question, steeply tilt^ 
ing beds extending in the Seven-mile Beach section from Mussel 
Rock northward to the highest Scuteiia bed. the other nearly hori- 
atontal sands and clays west of Colma containing a small fauna com¬ 
posed entirely of living species. Subsequently Ashley*^ utilized the 
name Merced for the older portion^ pointing out that the upper beds 
should be considered sepa-rately. Recent collections made by the 
Junior writer show conclusively that the upper horizontal beds are 
Quaternary and* though the contact is obscure, water- worn pebbles 
containing Scut^Ug iBifr/ificriii St imp* present in them indicate an 
unconformity with the underlying Mioccne-Pliocene^ 

FaritaJ List of Spetki m the Mcrcfd Formation (Mioeenr-Pltair^ney of th* 
San Fronci^ca Pemmnh and Efl River Vatiry^ Catifornia, 
Pn-ECYpODA; 

Wrcff iniinrata Conr., S- 
Cardium merkianum Cakb, E. 

Diphdonta orbcFa GId., 5^** 

G/yrym^nj coaUngtnsis Arn., 

Maconat cakarea Gmel*, E®* 

G. Rept GcoK Sur. CaOr, (i83d). p. BjS, calk tbii 

Sk-atitim Point. Dr* C. F, Newcdoibe iufoirtits the writer that Tchow-Tiii k 
more correct 

Dept Geol. Univ. Cat. X., i&M. 115-160. 

** lour, C^otr, III,, p. 44r-^ 
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Hofuia SJ^ 

Marda utrrgt^nensis Conr. {M, subdUiffhana Cpr-)t S, H/* 
dcnjaia Contra S, 

Panama ampla Dali (P. chrysu Dall)i 
Paphia liaUyi G^bK iv 
Paphui fengrrims Conr.j 
Pee ten Gld,^ S, 

PfCUn diUeri DftU. 

Pcdfn bfol^yi Am-, SJ* 

PecUn Am,p 

PjtphUia iordi Baird, £.** 

SchisoihafTus nulld^fi Coar.,^ 

. Schir^thaerus pajisroanus Conr.p E. 

Siliqua Hultallt Cour^ 

Sol^n t^sriks Gld t ■Tr*® 

SpL^h voyi Gabb (5. a/d^i^dnd Dali)^ St 
Tdlfjm huflani Dali, 

Thwia iraptsoidfa Conr^ M. 

Vfttvj Jt^uns Shuin.p S. 

GA^nxKoKiaji: 

Caetia m^ndica GId.# 

Chrys^domtts Am., S.^ 

Chrystfdffmks iabmlaivi Baird, 5, 

Catumhdia gausapoto Gld (Adynx rickih^ftiti Gabb)^ 

Crrpidvia myx- Sby,, 5.*® 

CrfpiduSa priwc^ps Conr,, S. 

Nafifra ciawja B. & S.* S, 

Nucclia dercm^astala MSdil {Purpura tima auct}p S.^ * 

P^^kcelia famdhsa Gmel., S, E.“ 

A'aiTfNd jdJtiVdrd VaL, 

OiivfUa biplia^ta Sby^ 

FaHnicrj ga^ian^i Dali, Sr 

Siyiidium fschrichU Midd. {Biiiivm ftlatvm Gld,)> 5” 

ScAPItOPDDA ; 

Dmldfiuffli rffiiuf Cpr.^ 

EcBl^DDEIMAtA: 

£fAiWrdflint'iiJ gibbsi Rem.p 
ScufffUa inurltn^afa Stimp^ Jf.** 

SctiieUa areganftisii Clark, S, E* 

S —San Francisco Fcninstila, Eivtr VaJley, 

Note*—T his and succHding lists from the Merced and Elk Kiver forma^ 
tions should not be used as a basis for determining percentages of species 
living Of extinct. It has not been convenient to identify all the living species 
in time to include them on the listSp and in addition a number of undescribed 
extinct fomis oeeur. 

Species still living. 

Species cbaractcnstlc of this horiion 
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The Merced areas on the North Pacific Coast are, without 
exception, small and isolated. Deposits limited to the basal con¬ 
glomerates attain in Oregon a thickness of a few fe^t at two points 
on the east shore of Coos Bay south of Empire, and again at the 
point south of Five-mik Creek on the coast near Bandon. 


Pariiai List gf Spwdrs in ihf Aiiretd Formation {Miacinw-FtiifC^nx} e/ th€ 
Cf^ast af Ortgon and Washington. 


■ * 

Ot*^ 

WkiIiUw^oq 


34 • 

m 

94 

77 

T? 

So 

Pklecvtoda: 

C^difim nfr^ianMm Gnbb* ^ .. 




X 



Jtahftm Gniclx*^+ + ..... . . . . 




X 



Kfffilfa 000 ^+ . i + -. X . -.. . . X . . . X . X X . + R + i ^. 4 . ,, ^ 

X 






A/4ir£ia Com*. LW. sKhdiaphaMo. Qp€r)** .. 

Afpf^liiriii a^HJdid Conif- iM. QFrgonensii 13aJU-.. 


... 

... 

X 

... 

... 

MyrilMj £gMl(s L-*^ . . . 






X 

Qsirm f/. lurida Cpr.^^ ... . . . . . . . 

Panopt CcMir>*, + ...x ^. * * ^ * . *.. __ 



X 









X 

P^iUn ConrinHf G]d>*. ...... 

X 






Fiitfn ..+ i,,.........x..x.4.' 





X 

... 

PhQcoidri axMuIatas Rvcr^^x.. . 




X 



PhoUuiidM p^nila Conr.^x x... x_ __ ^ - - , ,. r 

X 






iardi Bd.*** . . ... . . . 



X 




GEU."*. X X . .......... . . 




X 



Splsidti ttlh^ia Conr. ..... 

' 



X 


X 

tvyi Gahb {S. f^hskana Dall>w___ ^_____ 

Tkyti^wa bisteia Conr.^*. ...x.x.. ,,, 


... 

X 

x 


F^whj j^citru Shum__ x _ . X. 




X 


Cast:^opooa: 

ArfipbuuinKm fjrfKontnst R<Klf.*+x.. x., , 

X 






inf^ifolu Mari;M ^ . x... x... 

X 






Cdl^d m€Hdka GkJ.** ... ---,i ,-, r 




X 



CHrysodomus Dail, __ _ _ * * 

X 



X 



CAryfA^otimf IsfritldJKr ......, 

X 





Cyrintitm mtirthaUi kjfn. CC, Mt^^pWr Dali). . 




X 



nm^ndi Gahb {in Petrioda Dali) .. 

X 

X 





dama B. & S.^*. . ^ .. . . x. x. . . ...^■ 




X 

X 


Nucflla dti:^m£^tala Micld.*^. . x . . . .- u . ,, 

Otivttla Pfdjfoana Conr.*^.. x.. x .. x . 

*x 

"x 

X 

•i * 

>< 



pMrpara foliate x .... -, ■ , 1 

X 






Micld. [BilO'iHm 

X 






Tritonalki furida Midd.**. .... x. . . . ...... 




X 



Turciin Gabb««.... + * ^ ^....... 




X 



Turrif pmersa Gahb^* . . . .. . .... 


X 


X 

... 

■ H- 


Locaiify ^4; basal eonglonierate and sandstonCp Fossil Rock, three and 
one half milcft soulh of Empire. Cooi Bay, Oregon. (H. Hannibal.) 


Sjhjeies still living, 

“^ Specie* characleristk: of thii horizon. 
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UcalUy S3; rtngloi^=«te, «ulh of Fossil Rock, four miles 

^ thr« Ct . mile 

mile to long landslide, Taholah, Wwliingtoti. (H- ^ 

Localiiy 79; sfmdstooe, «aoliffs north of Quiuatek Riser bar. 

Cape Elirsbeth 

fourths of a mile to big landslide, TahoUb, Washington. (H. Hanmhal.) 

Two areas of soft semicoherent sandstone fatilted into the Older 
Tertiary and Mesozoic rocks on the coast of tlie Olympic Peninsu 
near Taholali, Washington, contain a fauna evidently the same age. 
The thickness liere is perhaps 

The Elk River Formatiotj (Upper Pliocene), 

ENtending from the Goldwashers’ cabin one and three fot^hs 
miles southeast of Cape Blanco south to Garrison L^oon near or 
Orford, Oregon, is a gently southward dipping cliff, essentially a 
raised beach composed of sands and littoral gravels, blue and more 
or less concretionized at the base but rusty and hardly consolidated 
above, perhaps 250 f«t thick near their contact with the Empire 
sandstone lying to the north but gradually dropping down telow ^ 
level to the soutli. This formation has been named by ^’ 1 ^'='^ 

Elk River beds from an important stream which cuts t rmig t^e 
section. As a matter of fact Dnlcr's name was given only to the 
upper rusty portion of the section while the blue beds conformable 
below were included with the Empire (Cape Blaco Beds) a pr^ 
cedure not borne out by the character of the fauna. It might te 
added tliat there is a marked discrepancy between the dip and strike 
of the Empire beds and the overlying blue sands where the two 
formations meet that was apparently overlooked bj Dtiler. ^ 

The fauna of the Elk River beds consists chiefly of recent species 
but associated with them are others common to the Merced, t us 
establishing the Pliocene age of the formation. In » 
this fauna suggests the Deadman Island or Santa ar ra locene 
in the boreal facies of the fauna and the small percentage of extinct 

5* Bull. igS, U. S. Geol. Sur, lejoa, p. 3'- 
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forms, though the two formaticms have ouJy one characteristk' 
species, Turris sntithi Am., in ccMninon. 

Fortial Lut^f Speeiei in tk* Elk Bivtr Formathn {Ufptr Piuteat tkt 
StacUi Sank af the itoutk vf Elk Rh/fr, Part Orford, Orrgoa. 

(F, F. Wood, H, Hannibal, eoUcctore.) 

PaxcvfQDA t 

Car<f tbni cortis 
Cppti?mya prtgond^iii E>al|, 

K^Krriia grondis Mid<L»T 
l^da acuta 

Macoma I'jf^uindfa Dtah^aT 
Afatrcjppbi nasuM Conr*^' 

Modiotu^ modioluj Lbt 
^fodhIu^ rectuj Coiar-S^ 

Mya tmneafa L.«« 

AfjJ'iYiiJ caiifarHutnug Cdnr*^ 

^fy^Uus cdulis h.^T 
Paphiit ftamivea Conr.®^ 

PfcUn irgufiiiiu Gtd>^ 

Pjtphidia iardi Baird.'**' 

Sa^rjdomuj gigaHtrau DtslL*^ 

Siliqua fJutiaUi Cemr/^ 

Spisuh f/+ Cour, 

^pisuh fattata Gld.^^ 

Spitah vaid Gabb {S. atatkana Dall>.M 
Thracia trafetotdta Cemr. 
yefttritanlla wntricato Gld«T 

GASTEFOPQpft j 

AtHfikuM farrugatt, Rvt and var. varAealor Dallas 
/trsabuecinum eregantnte Rtdf.«' 

Beta Cpr®^ 

Borcatretphon gracilis Perry.*7 

BoreatropMon ituarti Bflird.*^ 
i^HrdniriH strigiihfum Datl.s* 

Catiiosiama costa fum Mart.*^ 

Caesia fassaia GltL»7 
Caesia perpingaiti^d^sT 
Calyptraca fasiigiata Gld.*^ 

Chrysodam^K phacniceus Did I" 

t^tiryxadpmus tabufatiis Baird,**' 

Columbclla gausapata Gld.*^ 

Epitanium Mndsti Cpr.«7 
Lacuna tine to 
Lcpxla canccHlrica Mid<L<7 
Margisrifes pupilia Gld.« 

” Species still living. 
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Plate XLVIl 



Fis. A, 



Fig. a. Cljiciiil JiroOVing of VanEroiivL-r Ijri^^nstone-diorilt# ii[ tnttnricfl t* 
Victoria Harbor, Vaiic^juvi-r Ul^nii. 

Fic. B. Seatlic (.SsiririA scrii^) overlain by FUUfcoccue llw^nco- 

W.-t^hlnKlon. 
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NafUa daum B. & 

AirrcJJa d^ccmcosiata Midi 6fmJ aucl.).^ 

NutfUa Gtn«L iPurfutra m^paia Otcfn,).®'^ 

OliveUo btpHtaia Sby-“^ 

OliveUn pidrcana Conr.®^ 

Pflh'jiiVfJ Dall-^^ 

Po/iwitrf paUido B. & 

Fiittci\trell^ gaUaio, Gld-^'^ 

Fufpura fatiala GtucI.®^ 

SiphQ halibwtus DalL*^ 
cidiifis A Ad.°'^ 

Trichirir^pis cun^ellata 
TnloBd^Ki /ai^o Midd.^^ 

Triionifusas recHT<^sfU DatL*^ 

Ftorrtf peTvtfsa Gabb.®^ 

Tvfrls smifhi Am, 

BRAtHlOFQDA: 

Hcmithyris L. 

ECHISODEftMATA: 

or^gonenm Clairk 

The Saanich Fotmatios (Pleistocene). 

Benching the Oligocene and glacial deposits at Alki Point and 
Bainbridge Island in Puget Sound, filling glacial deprcssioi^ at 
various points north of Victoria on tlie Saanich Peninsula of an 
couver Island, and terracing the length and breadth of the Straits 
of Georgia notably the Sucia Islands ts a raised beach deposit for 
which the writers propose the name Saanich Formation* T^is for¬ 
mation carries numerous mollusc a, usually species now living in 
adjacent waters, but others extinct or like PfficJi fj/diidtciu Miiller, 
CordiMJit dfcoratum Gmk. and Mya arettaritt L. are now native only 
off the Alaska coast j>r at other arctic points* In this respect it 
resembles the lower San Pedro fauna which contains species now 
confined several hundred miles or rnore northward. 

Overlying the marine deposits in several glacial hollow's on the 
Saanich Peninsula are peat and marl beds containing numeroiH 
freshw'ater shells, the species being identical with those found in 
adjacent lakes. It appears that after tlie Post-Saanich elevation 

Species stil! living. 


BUS 
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these hollows were filled by freshwater lakes and gradoally silted up 
as Swan Lake and others on the Saanich peninsula are yet doing. 

With the Saanich formation are tentatively included the wide¬ 
spread raised beaches on the west coast of Oregon and Washington 
containing marine shells at Cape Blanco* Bandon^ and Newport in 
the former state and at Bay Center in the latter. Reagan^* mentions 
the occurrence of marine shells in Pleistocene deposits at Beaver 
Prairie on the Ol^^pic Peninsula* but the locality here is an old 
kitdienmidden. 

Parihl List of Sptdts in the Saankh FonratioH (Plrtf/Ofw) of Puget 
Sound and ikt Straits of Gforgia. 

PtLECYTODA; 

Corifiiini eorbis Mart. 

Coritikm Gnik“* 

.tfoirpma oiharca CtiteL 

^fae 0 tNa rn^Tiitndid Desh. 

Macpmo Conr. 

^fya Qremrio L"*® 
i/yn tnimata L. 

Myiihts rdulij 
Paptua jfdHij'nfa Conr. 

Paphia tenenima Conr. 

Ftcten islandicus MulL«* 

Ftcitn hojtaius hmetuj Gld. 

Soxicai'o anika L 
^djrtdcpfitiLr gigantsuj Desh 
Smipes groeniandicus Gmd, 

Sehisotkatriis ttuttatU Conr. 

Gasteiiofcoa : 

But:dnum Peri:rassum DalL 
Nuiim clausa B, & S. 

NuccUa tametlosa GmcL 
Polinicfs Imnjii Gid. 


Geological His-roRY. 

Thr Cooit Range of Oregon and the WUtamette Ralley. 

The Coast Range, Willamette Valley, and Cascade Range of 
regon as has been intimated in the discussion of the Arago lavas 
were apparently built up during Eocene time as a gently westward 

!l Papers Acad. Sci,^ 190®, p. 2251, 

Specif no^ native only to northward- 
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PLATE XLVIll 



FlC- A- 



Ficl b. 

FlC, A. Slcila=t»tn (oulwasb of Vashow drift), prairie bctWflCn Gate 

Wa*hiflgtolir Tijn—T 

Fig, b. Glacial depoiit* «&wlh eti4 of Marrowstonc Perl 

Brndr WaihingtOft. 
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stoping floor of successive basaltic flows and tuffs. In the Casc^c 

farther to the west and south they apparently replace more and 
^XU melrrMr. Wi* the close of .he T.,.« th.s Seor 
de into the fornt of . pbteoo with . sriwhod .t he 
present position of the Wihamelte Valley. At the openmg of 
Astoria period of sedimentation an arm of the sea extending np ^ 

Willaml Valley at least as far as Eugene 

Ranffc at Wren and Blodgett but it was not until the Seattle P 

Keoge woe eowplddy s»t».erged hy *e lo^ h 

^eole .od eedinreotery detntot piW opoo ih ^ 

oTthe west flank particularly near Nehalem and TiUomook Harbors 
the Seattle beds rest directly on the Eocene witli the lower 

(Sow Ureoeo) Ueking. Followiog t^jed 

and except tor an embayment of the Monterey sea whiA extende 

o^rt^mhi. River .»d soo.hw.rd .0 .he Tod..™ ^ 

Portland, no later sediments have been deposited inland f* 

even deeper beneath the sea. - ** the Wsllamctte 

M«h h,s hero wri..eo of .he eo«.»m.y o fte 
\^llev with the geosyndinal trough oP^e Great \. alley of Cali 

stand up as mouadnocks through the th,n veneer of flu-al deposits 
,1 11^ i.im The so-caltcd “ Willamette Sound either refers to 

Z Oligocene embavment or to tire fluvial deposits in the WiUamem 
dlove Oregoh Ci„ where . Id. Terh.ry h.d. 1 . Bow .mpinged 
i„ p,..mg down to tower Will»he.te »d Colomh.. River, .nd 
.empomrily d,o,ored toek .he Witodle Rver. 
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The Chehalis Vallfy and Southu>e^em IVashitigion. 

The geologic history of this district during the Tertiary has been: 
first the deposition of the Tejon series chiefly as an estuarine deposit 
but ^viih some associated lavas, mostly basalts; second tlie defor^ 
mat ton of Tejon by folding in a west-east or northwest-southeast 
direction; third the successive deposition of the Astoria Series, and 
the Monterey, Empire, and Merced formations; fourth the final 
elevation of the Olympic and Cascade Mountains in Pliocene time 
and the resultant faulting, prevailingly in an east-west or north- 
south direction, of all the Tertlarics of southwestern Washington 
into a jumble of westward-dipping monodinal blocks. Except locally 
in *e proximity of faults, folding of the Oligocene and later strata 
of \\ aabington is almost unknown^ 

The Terthnes of the Periphery of the Olympic Complex. 

The succession of events about the periphery of the Olympic 
Comdex IS similar to that of southwestern Washington, except that 
me lejon is very largely absent and the folding which succeeded 
d has left no record. On the west coast several isolated areas of 
Tertiary rocks have been faulted down into the Cretaceous, and 
thus preserved. A fault which requires special mention in this con¬ 
nection IS the one which marks the north boundary of the Olympic 
. fountain^ extending from the mouth of the Soo-es River south 
of Cape Flattery to Lake Crescent and the head of S’quim Bay 
an unbroken distance of more than eighty miles. On the south side 
^cept at the terminii all the adjacent rocks arc pre-Tertiaiy. To 
the north lies the great monocline of northwestward-dipping OHgo- 
eene beds. It is probable that a second fault paralleling this lies 
in the trough of the Straits of Fuca else it is difficult to explain 
that remarkable topographic feature. The structure of the gently 
s^ward-dipping Tertiary rocks of the southwest coast of VancouveV 

s and may also be readily explained by an assuniptioti that such a 
fault exists. 

Puget Sound IS probably a pre-Pleistocene valley of erosion filled 
by glacial debris. It lias been regarded as a structutal depression. 
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but if this is true it is difficult to explain why all tlie Tertiar)' and 
older rocks exposed about its borders or at various points in it form 
an integral part of a series of northward- or southward-dipping fault 
blocks which cross its major direction at right angles. 


Notes on the Geological Formation Names Applied to the 
Tehtiaev op the North Pacific Coast. 

During bis work in 1911 and 1912 the junior writer made a 
special endeavor to visit as many as possible of the type-sections of 
the formations described on the North Pacific Coast and data arc 
at hand to decide the age and status of practically all, as shown on 
the accompanying table. Those not already discussed may be noted 

chronologically. 1 

Thos. Condon, in Cope, t 83 o. Corrections of the Geological 
Map of Oregon/'" Tlie Astoria shales and Solcn twds have already 
been considered in connection with the identity of the Astorm Senes. 

C. A. Wliite, tSSS. 1899, " On the Puget Group of Washington 
Territory' and “ The Jlollusca of the Puget Group.'’" Broadly 
speaking the Puget Group is tire equivalent of the Tejon Senes. 
It was described as a freshwater deposit, but this is hardly true. 
While molluscan remains of any kind are generally scarce, sacral 
species described as freshwater forms arc well-known marine Tejon 
species. Exactly how much of the Tejon is represented by the 
Puget is somewhat uncertain, however, and will continue to be so 
until the various floras are described and the species characteristic 
of the different portions of the TeJon become known. The PieT« 
County coal field where the Wilkeston section first described by 
White is located, represents about UJtxj feet of b^s. e owest 
2 ooo feet at the Fairfax and Montezuma mines evidently belong to 
tlie Chehalis formation judging by the flora. The upper ic,000 or 
12 000 feet of beds (Carbonado, Wilkeston and Bnmett formations) 
are certainly later and probably represent the Olequa. The beds on 
the Duwamish River near Allentown, eastward to Newcastle and 


XlV,# Pr 45/’ 

Jour. S.i. (3d s- ). XXXVI., i^. PP. 443^5^. 

«» Bull. 51, XJ- S. Gcol- Sur,, iSfe, PP- 40-03. 
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Squak Mountain, and southward to Green River, so far as palaeo 
botanical evidence goes arc of Chehalis age. Those at Bellinghaia 
appear to be younger, though more than one horizon may be repre* 
scnted. In anj’ event the continued use of the name Puget ts very 
misleading since the Upper Puget, so-called, is earliest Tejon (Che- 
halis), and the Lower Puget is later Tejon. 

C. Lawson, 1894, “ Note on the Chehalis Sandstone,*’** This 
formation redefined has already been considered as a division of the 
Tejon, 

J. C. Merriam, 1S96, “ Note on Two Tertiary faunas from the 
Rocks of the south coast of Vancouver Island,*'** The section 
betiveen Muir and Coal Creeks west of Sooke where Dr. New- 
combe collected for Merriam in the eaTl3' 90’s, and courteously 
accompanied the junior writer in 191a, is recognized as the tj-pe of 
the Sooke formation. Dr. Merriam states that he never intended 
to name a Carmanah Point formation but the name has passed into 
the literature. The beds at this point are San Lorenzo shales over- 
lain unconformabiy by Monterey conglomerate in the cUff be¬ 
neath the lighthouse. Dr, Newcombe's collection came from the 
San Lorenzo shales, from Sooke boulders in the Monterey, and from 
the Monterey itself. The list should be expurged. The one quoted 
from Dali was derived from the San Lorenzo beds at Bonilla Point; 
it requires some revision. 

M, H. Dali, 1898, *'A Table of the North American Tertiary 
Horizons Correlated with One Another and with Tliose of Western 
Europe with AnnotationsThe *' foraminifcral shales . . . con¬ 
formably underlying the Tunnel Point beds at Coos Bay, Oregon” 
contain a characteristic San Urenzo fauna. Tlie portion of the 
Tunnel Point beds adjacent to the " foraminiferal shales" represent 
a sandstone phase of the San Lorenzo. However, tJie bulk of the 
D'pe section and the beds from w'hich the fauna listed by Dali** 
came are of Empire age being sqjarated from the main Empire 
•■/fill. Ceol., XIIT., i&H P 
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Logs «)■ b. oh»,v.d iA » of >!« 6e«I,II» »h.=h iom te 

tbue-section of the Tunnel Point beds. 

The AMh bed at Astoria lies in the Seattle foimsMn. . 
dlerio o..J.«-..e ranges throegh d« Astoria seri« and Monterey 

fomtatto. o, and do« dte “ 

fossil of a single horiaon is doobtfnl. The “™ ^ 

«tnne" aupears to have been intended to cover Condons Soicn liens 
at Astoria as well as the sandstones intercalated witli the Astoria 

shales in the steep bluffs behind the town. ghoalwater 

Mytilus beds; based on a locality at tlie north end of Shoah 

Vermont geological literature which is Palaeozoic. 

Ts Dillcr 1S06-1903, *'A Geological Reconnaissance m Korth- 

oes ;»™ gdn^ “Ro^ Folio.- U. S. Geoiogicol Snrve^ 

:^T'So?B,y Folio.- U. S. 0^1-'X7:. :.^:;or ^ 
er^bic Development of the Klamath Mountains , Port urto 

U "S. Geological Survey. 1903* The .Arago ,s 

a division of die Tejon. Its subdivisions, the 

hr. rtf interest chicflv to the coal geologist, lire ijee 

^Sone from the fauna at Basket Point on the 

proboblv ttio ttiroo horizoo or d al» I' 

upon basic igneous flows and tuffs. 

The areas of Oakland limestone are so small that m the ah. e 

of a recognizable fauna ZZ 

slnTo^nzTarea" similar to those flanking the Willamette Valley. 
ThrSations of the Empire formation have already been con- 




X T3 tT cl rieftl. Syr^ 
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sidered. To this horizon are referred the lower 475 feet of the 
Cape Blanco beds. The tipper 75 feet^ argillaceous sands with some 
calcareous nodules, are unconformablc on the Empire beds and 
form the base of the Elk River Formation, here referred to the 
Upper Pliocene, 

Willis and Smith, 1899, "‘Tacoma Folio/* U. S. Geological Sur¬ 
vey. Three divisions of the Lower Puget (middle and perhaps 
tipper Tejon), the Carbonado formation^ Wilkeston sandstone^ and 
Burnett formation are named. So far no paliecmtological evidence 
has been advanced to insure their recognition beyond the limits of 
the Pierce County coal field. 

R- Arnold, 1906, “ A Geological Reconnaissance of the Olympic 
Peninsula.”^* The use of the Arago in place of Crescent, and Mon¬ 
terey in preference to QaJtam lias already been discussed. Other 
beds on the north coast of Washington mapped tvith the Clallam as 
undifferentiated Oligocene-Miocene are now assigned to One horizon 
Or another of the Astoria series. 

fhe Quinaielt formation is divided on palaeontological grounds 
between the Empire and ^[creed formations. 

A. B. Reagan, 1908, *' Some Notes on the Olympic Pcniosula/''* 
Host of geological data in this paper are adopted from the one by 
the senior writer just mentioned. The Hoko River Pliocene, so- 
called, is an area of Monterey sandstone and conglomerate uncom- 
formable on the Astoria series. Tlie Raft River Pliocene contains 
a small but characteristic Empire fauna. The description of the 
Qiiillaj-utc formation is based on the glacial filling of the vallev of 
the Quillayutc River. I f Reagan had visited the locality from which 
the fossils he describes from the Quillayutc were brought by the 
Indians, he would have found it to be about two miles from the 
Devils Club swamp where he says they occur, and the formation 
lithologically very different from what he describes. It is typical 
Empire sandstone, 

C+ E. Weaver^ " A Preliminary Repjort on the Tertiary 

Paleontology of Western Washington.’*^' Cowlitz formation; the 

Ceol. Sot, Am., XVIL, 1906, pp. 451^158. 

'®Geol. Papers, Katis. Acad. Sci., 190 S, pp. 131-338. 


1 PleitfooHW 


r 

































































































■.Jm 


--■n 






A * 


“✓ . TS 




T 


“^ 4 irrrii 


'^W 


,«WM4 


r» 


f-iT ^ 

‘iL ^ jL« 

••'■■-^-jr'w^ - CJi' 




IMI'"” 


mm^ 

rg. 4 i 

s 


jL<x-4;wi 


itje^ 






i[, >r‘ ‘ > irj - '■* 

♦«r-«rr 


« 4 J rntm^ 


9 t 'i^iyr 




pit , 




^FifC _ . .^ , 

• iNi't «i>-^.l 


u 


rii- 


. llv 


■'^■•Wt 

U -Ml ^ ' 


..1«S1 






™^‘^*^!|r-i*-, |f W ,|/C' I ld*4 i *■* 

ii»ii i*i* ’ - ■ irl 

* 4 ®ISS 581 Iu.-— 


fi r«,^ 


*Tf 










ffin«» 


I Mki 




„..f^ 


" y.-.iiHTii^T -*] 

i 6 xite !_*»4 




Hill 




« •» 


ii^oa Iff „ 
'ff<(Ttnt,W 4 l% 

ilS 


i«V 


ir U 


r, 




iff 

■ wm * S ^w d 

I : I '‘* 1% 

.,#■ *. I ' 


I ^j 


Pi#] 


















nia.I STRATIGRAPHY OF PACIFIC COAST OF AMERICA. ftOS 

fauna of the beds on the Cowlitz River below the mouth of Drew 
Creek is identical with that at Chehalis and Centralia m the lower 

Tejon (Chehalis formation). . ^ j -ru 

[Jncoln Creek formation; this is very vaguely define^ The 
area shown on the map comprises two different things. Chehalis 
beds underIving the basalts of the Balch syncline, and a conform¬ 
able sequen« of a late phase of the San Lorenzo formation and an 
early phase of the Seattle. The fauna listed appears to have come 
from the basal San Lorenzo beds at Oak.-iUe about fifte^ miles 
away. The equi^-alent beds of Sinclair Inlet are apparently lower 
San Lorenzo, and those of the Cape natter.- section like most of 
the rocks on the west coast of the Olympic l--emnsula mapped by 
Weav€r as Lowet Miocene^ are Ciretaccous. 

"Tejon formation” The exact use of this formation name m 
Washington is uncertain. The fauna listed appears to ave c^e 
from the Olcqua beds near Little Falls and on Coal 

Stella. If the term Tejon is used m the formation 

bv the writers then the reasons for separating the ois r ^ _ 
which contains a fauna much more dosely allied to ^ 

Tejon in California are not apparent. If it is used m a restricted 

sense for the Olequa beds then it is ohviouslj miwpp^ „nver all 
Blakely formation; this name seems to be mten _ . j 

the Oligocen^Lower Miocene deposits of the 
north cLt of Washington. The type-section on Baii^ndge Island 
is the exact equivalent of tlte Astoria Senes as rcco 

Wahkiakum formation; the Oligocene-Lower 

western Washington Ttie on Skamo- 

many of the fossils listed came from 

kawa and Grays Rivers. . Emoire. 

Chehalis formation; the type section is 
and the fossils listed a mixture of the shale fauna ^ 

Montesano formation; apparently intended as a local name 

the Empire sandstone- 


THE XOMENCU^TURE OF MINEIL^LS. 

Br AUSTIN F. ROGERS. 
iR€££ived May 

AlMiiit five thousand mineral naines are In tise or have been pro¬ 
posed.^ Ttiese names arc^ of course, mainly varieties and synonymSp 
Many of them have been discarded and are gradually disappearing 
from the literature. Even some of the Germans arc dropping such 
names as kupferghns and rhmtikies and are using the international 
names, chalcocite and pyrite in this instance. Thanks to the fifth 
edition of Dana's "System of Mineralogy'” the synonymy has been 
pretty thoroughly worked out and most of the names used for the 
distinctive minerals ate well established. 

Though there are about five thousand mineral names, there 
are not more than a thousand distinctive minerals' 

The distinctive minerals are usually called simple minerabp*^ 
definite minerals,'" “ mineral species/" or ** definite mineral species/" 
It is necessary to use some such term^ for the word mineral is used 
(i) as a general term for the inorganic constituents of the earth's 
crust, (a) in a popular way for a metallic substance of commercial 
value that is mined or ciuarried and (3) in a restricted sense for a 
natural inorganic substance of definite chemical compositioni.* 

The term most used is " mineral species,” borrowing a biological 
term. In tills connection it is interesting to note that a binominal 

^ ^ The comp'teEe of mineral narne^ available la found In the 

Mincralogiseller Taschenbucji" of the Vienna Mineralogical Society pub¬ 
lished at Vienna in jpii. 

sfn D^ijia'i System" and Appendices up to the ytar 100!?, OS I minerals 
are ^ven. In Grath's " TabcJUrlsche UeberMcht der MsTieralien ” CfOO®} 
there arc In the ^ Mineralogisches Taschenbudi " of the Vienna 

MmeralofiicaT Society (ton) then; are 972 (irtclnding 22 hydrocarbems not 
given bj' Dana and Groth), So the number of distinctive tnincraU is, in round 
numbers, ijooo. 

■For an interesting d{ 3 cii 5 .sian of the use of the word minctal sec an 
article by J. W. Gregory, Trans. Insihuli&n of Mmms Ensinum, 1909. 
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nomenclature like that now used for plants and animals was at one 
time used for minerals. In the first (1S37) and second (1844) edi¬ 
tions of Dana'S ''System of Mineralogy"' binominal names* were 
given along with the usual names, mostly ending in -ite. Thus barite 
was know n as Baralus ponder &shs and celestite as Baralus pTismati- 
cus. The genus also included wdthcrite, strontianite, and 

bar> tocalcitc. Gasses and orders were also recognized. The classi- 
fication used then w^as the natural history classification of Werner 
and Mobs based upon external characters. 

This gradually gave way to the chemical classification of Berze^ 
lius and the Swedish chemists. In the third edition (1850) of 
Dana‘s System ” the chemical classification was adopted and the 
binominal names, even as synonyms, were rejected. 

A mineral $pecics is a mineral with definite chemical composition 
and distinctive cry^stal form (or crystalline structure). Definite 
must be interpreted in the light of isomorphism, including mass-effect 
isomorphism first recognized by Pen field,* It is also necessary to 
recognize solid solutions of a kind different from isomorphism, 
PyrrhotitCj* for example, is a solid solution of sulfur, S, in 
ferrous sulfid, FeS, Nephelite,'^ Is a solid solution of NaAlSlO*, 
KAlSiO, and NaAlSi, 0 ,t of which only the first two are isomor- 
phons. 

Crystal form must also be used in defining a mineral species for 
polymorphous minerals are distinct and are often strikingly differ¬ 
ent in physical properties as in the extreme case of diamond and 
graphite. Some of the dimorphous minerals have distinctive names 
(^e. g.^ calcite, aragonite) hut there is a tendency to use a prefix be¬ 
fore the first known mineral for the dimorphous form. Thus we 
have cllnozoisitei paralaurionitCp pseudowollastonite, metaboracite* 

* These biiiQininal names w'ere first $ti£;ecstcd by Dana in an article in the 

fourth voliiTnC the of Aw I ork Lyceum. 

^That m large moleaiUs dissimilar elements or groups may replace 

each other. Sec Jot*r. ScL (4}^ 7, p. 97+ i8p9. 

a-Kuster fur Chem.. Vol. I7r P 367, i^s) maintains that a 

distiaclion should be made between solid solutions and tsomorphons mixlureEv 

* Alien, Crenshaw, and Johnston, Jomk Set. {4)^ Vol. 3^. p. 1912. 

^ Bowen, Afuer. lour. ScU (4)^ Vok 33- P- 4 ^ 151-. 

ffllOC. AMER, PHtt. soc,, LtT. atZ V, PRIXTZO XOV, 
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and neotantalite for th^ dimorphous forms of zoisite, laurionitep wol- 
lastofiilep boracitet and tantalite respectivelv. 

Since the rise of colloidal chemistn' the question of names for 
coiloidat or amorphous minerals arises. Recently names have been 
proposed for a few of the naturally occurring amorphous numerals. 
Tliese substances can hardly be excluded from the list of mineral 
species as they are definite m compost lion, unless we insist that a 
mitiera] must be cr^-stalline in character. To obviate this difficulty 
Kiedzwicdxki* has proposed the term mincraloid for the natural 
amorphous substances. Among examples of colloidal minerals or 
mineraloids are the following: ost\valdhe=colloidal AgCl (butter- 
milcherz): jordisite = coltoidal MoS,- a-kliadiite = coUoida! 

* H^O; ^-kl iachite = colloidal A lg.O|^ ^ 3 HaO • ^h renwerth i te = 
colloidal FeaOs'HjO, The term stilfurite has been proposed for 
amorphous sulfur and raetastibnite for amorphous antimony sul- 
fid. Fortunately there are very few amorphous minerals which are 
dcEnite enough to be recognized as distinct mineral species" hut the 
application of colloidal chemistry to minqralog>^ will probably in¬ 
crease the number in the future. 

NamerS are used not only for definite chemical compounds, w^hich 
are often end members of isomorphous series, but also for isomor- 
phous mixtures such as olivinei rhodolite, epidote, and pisanite 1 for 
double salts such as dolomite and monticellite; for pseiidomorphs 
such as martite, arkansitCp and hampshirite; for mechanical mixtures 
such as califontite and azurlite; for semiprecious or ornamental 
stones such as bonamlLe and satelitc; for artificial substances such as 
alttc^ cenieutite, silv'cr-analcile^ soda-leucite,^ and camegieitej for 
group names such as orthoaugite, clinoangite, glaucamphibole; and 
for numerous varieties based upon crystal habit (e. adularia), 
structure (r. pholerite, nemalfte), color {e, g,, inclanite, hiddenite, 
kunzite), unusual optical propiertics {e. isomicroclitie, ncocole- 
manite), and variations in chemical tompositton due either to 
impurities, (e. g., johnstonite) or to isomorphous replacement le.g^ 
cuprogoslarite, paravivianltCt tilanaugite). Varietal names are 


» C^mlblait far Sim. y, PqL^ 1009, p. 661, 

"Of the more commoii minerals only opal, bayxite, psilotnetauft and 
allophanc are atncrphout. 
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rarely consistent or logical for they are not usually coordinate and 
not uniforni for the various minerals. In the earlier editions of 
Dana’s " System" varieties were greatly subordinated but in the 
fifth and in the current sixth edition varieties are again given! 
prominence. As MieTS*® has emphasized, the non-essential proper¬ 
ties of mineral have received too much attention. The recognition 
of this fact will naturally lead to the supression of varietal names 
as far as possible. While often convenient their use tends to con¬ 
fusion. Por example iron-bearing sphalerite has been called mar- 
matite. A sphalerite from Breitenbrimn, Saxony containing eight¬ 
een per cent, of iron was named cristophite. Where draw the line 
between marmatite and cristophite? Sphalerite usually contains 
more or less iron. If the iron content is notable or needs to be em¬ 
phasized let it be called ferriferous sphalerite. No special name is 
necessary. 

Names should serve two purposes, which are more or less dis¬ 
tinct, namely convenience and accuracy. A name serves a conveni¬ 
ent purpose for distinguishing a particular variety or kind of 
mineral found at a certain locality or one with striking proper¬ 
ties found at several localities. But there are so many variations in 
the properties of minerals that the names multiply too rapidly. Ac¬ 
curacy is not attained for it is very difficult to correlate the differ¬ 
ent varieties and to define them accurately. 

Isomorphism plays a verj* prominent part in explaining the chem¬ 
ical composition of minerals for many minerals arc isoniorphous 
mixtures of two end members. The gaps in isomorphous series 
are gradually being filled in. * 

The only satisfactory way of simplifying mmeratogical nomencla¬ 
ture is, in my opinion, to name a mineral by its predominant molecule 
of the isomorphous series to W'hich it belongs. If the mineral is 
described and named before the isomorphous relations are under¬ 
stood the name still stands for the predominant molecule present. 
The other names used for varieties, isomorphous mixtures, pseudo- 
morphs, etc., should be discarded, except in a fe%y cases to be mo¬ 
tioned later. Isomorphous mixtures may be indicated by qualify¬ 
ing terms, Cm p., ferriferous sphalerite instead of marmatite. The 

w “ MineraloiO'p'’ P- -■ 
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same method can be used i^ith varieties. Thus we can use the 
term fibrous brucite instead of nemalitep 

Such names as soda-orthoclase, natroalunite, ferrogoslarite^ and 
mang^nocolumbite are ambiguous. Soda-orthoclase may mean an 
orthoclasc iu which a portion of the pctassiuui is replaced by sodium 
or it may mean the sodium compound corresponding to ortho- 
clase. The best method is to use a distinctive name for the 
monoclinjc feldspar in which sodium predominates molecularly 
over potassium. For such a raiucniL which has been found 
at several localities, Schallcr^^ ha^ proposed the name barbierite 
after the P>ench cliemist, Barbicr. Note the inconsistency in 
these compound names. Ferrogoslarite is an iron-bearing ^inc sul¬ 
fate while manganocolumbite is a manganese niobote isomorphous 
with ferrous niobate^ It might be well to restrict these compound 
names to ardfidally prepared members of isomotphous series not 
yet found in nature. Thus we could use the term soda-anor- 
thitc instead of camegieite. The names silver-anakitep soda-leu- 
cite, zinc-romerite are examples. 

If my suggestions are adopted a number of mineral names will 
be discarded. Embolite will be either cerarg>'iite {chlorargyrile) 
or bromyrtte. PeUitc will be auriferous hessite. Pisanite will be 
either cupriferous melantcriie or ferriferous boothtte, Hyalophane 
will be barium-bearing orthoclasc. Mesitile will be ferriferous mag¬ 
nesite. hfigrine will be ferriferotis rutile. 

On the other hand, a few neiv names or resurrected old names 
will be necessary. Thus the name montebrasite would he resur¬ 
rected for the basic lithium aluminum phosphate which is isomor- 
phous with amblygonilCp lithium aluminum duo-phosphate. Very 
few new names will be necessary for synonyms and varieties can 
often be elevated to the rank of distinct mineral species. 

Some exceptions to my rule should be made. The isomorphous- 
mixturcs of three or four common and important mineral groups 
now have distinctive names which should be retained. Thus we 
have oligDctase, andesine, Iabradf>tite, and bytownite in the plagio- 
clase group. Olivine is a convenient name for the isomoqjhous 

Amer. Jour. Sti {4), Vol. 30^ p. 3SSp 1910. 
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n^ixt«rc of magnesium and iron orthosilicate, but Ih* name, hyal^ 
sidcritc and hottonolUe in the olivine group are hardly ne«.sa^ 
Epidote is an isomorphous mixture of basic ca ci^ ^ 
orthosilicate, clinozoisite, and basic calcium iron ^ 

vet found, Hypersthenc is an isomorphous mixture of magncsiun 
metasilicaic, enstatitc, and ferrous metasiUcate, not yet ‘ _ 

might be well as assign arbitrary limits to olivmc hypersthene^d 
epidote. This must be done if the names are to be 
uses the name bjT>ersthcne for orthorhombic pyroxene y i _ 

oxid content of over ten per cent. For these vanous 
mixtures arbitrary divisions similar to t1io« used in the quantiUtive 

classification of igneous rocks might be used. 

Are tlic names of mineral species to be arbitrary or can an) 
system of giving names be used? Leaving out the binomial nomen¬ 
clature there arc three possibilities to consider, 

1, ChemkaS {\ames.—M minerals are substances of defimte 
chemical composition purely chemical names will ap^l to some as 
being the simplest and best. But minerals are often 
composition and the chemical names would be long and cambersome^ 
While accurate they arc not convenient. Moreover the name o 
mineral connotes certain physical properties. Cakiie « ^ . 

calcium carbonate. It is calcium carbonate wit i cc a n ^ 
physical properties. The chemist would obviate this difficulty by 
using the term c-CaCO* for calcile and ^-CaCO. for J 

Except for the elements, perhaps, distinctive names are pre cr 

to chemical names. ^ 

2, ^rbtfriirv The names used at present are deri%cd 

from the locality at which the mineral was " 

name of the person who discovered or described the 
they are based upon some prominent physical or chcmic _ ^ 
acteristic. They are arbitrary and without system except _ ^ 
most of them end m -ite (from the Greek and Latin ^ 

which was added to a word signifying a quality, use, or o 
the mineral). ^Vmong other terminations are -mr*. -we, ^ ^ 

‘Ole. and while older names include galena, (piarlz, garnet, etc. 
Some of the names have a chemical significance but even they are 
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in part arbitrary. Cuprite might have been applied to any copper 
mineral but it is aTbitrarily used for cuprous oxid. 

3. C&mbhwd Chemical and Arbitrary Names. —Still a third 
method is an attempt to combine the chemical names with arbitrary 
root-names. This method is used to some extent at present. %Ve 
have such names as natramblygonite, plumbojarosite+ ^nd mangano- 
columbite, for distinctive minerals. As emphasized before these 
narttes are ambiguous and so arc objectionable. In fact all sneb 
compound names should be discarded, except as indicated above. 
For varieties, qualifying chemical terms can be used. For example 
we can use the term ferriferous goslarite instead of ferro-goslarite. 
For distinctive minerals such as natramblygonite, plumbojarosite^ 
and manganocolumbite it is preferable to use distinctive names. 

In a recent paper entitlefl ** Suggestions for Mineral Nomen¬ 
clature/"^^ K, S. Washington proposes a new system of mineral 
nomenclature. He uses as a root name tor the acid radical of a 
mineral group the present name of a typical member of the group. 
This root name is modified by chemical terms to indicate the par¬ 
ticular mineral For the apatite group the root name is 
Apatite is calcium phosphapatatCi pyromorphitc is lead phospha- 
patate, while mimethc is lead arsenapatatc. The root name far 
the sphalerite group is sphahridc.'^^ The sulfids of this group are 
called sulsphalerides, the selcnids, selsphalerides, and the telkirids, 
telsphalcrides. Sphalerite itself is called zinc sulsphaleride, meta^ 
cinnabar, HgS, is mercury suUphaleride while tiemannitc, HgSe, is 
mercury selsphaleride and coloradoite, HgTe, is mercury telsphaler- 
ide. Caklte is calcium cakitate* siderite is ferrous calcitate, and 
dolomite is magnesicakium calcite. Forsterite is maguesium oli- 
venate. Orthoclase is potassium adularate- Albite is sodium 
albate, etc, 

Washington’s proposed system emphasizes the isomorphous rela- 
tionSp hut in my opinion that is about the only good point in its favor. 
As Washington himself admits, the names are barbarous and un¬ 
couth. Most o! them are also long and cumbersome and so do not 
Jevr. Sci. (4)* VoL 33, p. 137* 191a. 

^*Thc lermlnatioti -ide is used for binar>' cotnpound^ and sulfo-islts 
while the tcirmiTiation -afr is used for the oxy-acid salts. 
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sftrve the purpose of convenience. For example, the n^e for the 
basic calcium phosphate for which I recentlj propose t e name 
voekkerite’* would be something like calcium o3c>'-phosphapatate. 

Arbitrarj' names 1 believe are preferable to names such as those 
proposed by Washingtou. My reasons are as follows; 

1. Arbitrary names are stable; tlicre is no necessity or ciange 

because of an incorrect analysis. 

2. Any name of a new mineral that is proposed stands for the 

predominant molecule whatever its isomorphovis relations may be^ 

3. Arbitrary names are more convenient tiian other names be¬ 
cause they are shorter. , , 

4- The present names are to a large extent retained an very ew 

names will be necessary. , , , 

Most of the present names are so well established by ong asso¬ 
ciation that it will be almost impossible to snbstitute 
for them. The law of priority, with certain limitations, holds in 

mineralogy as in iwology and botany. 

Only the professional mineralogist would be apt to use - 

ington’s system, but to him the arbitrary names are not objectioi^We. 

There is one apparent objection diat may be urpd agams y 
plan. A quantitative chemical analysis will often be necessary to 
place and name a mineral that is near the dividing 
isomorphous compounds. This is unfortunate from the standi 
of determinative mineralogy but it is no real obj^tion. It gMS 
without saying that accuracy of definition 

work which must often be quantitative m character ^s Micrs 
savs *\ . . it cannot be too strongly impressed upon the student at 
the outset that scientific mineralogy is based upon accurate measure- 

TTients and detcrmiiiations. ^ 

There are several points to mention in connection with the r^ord- 

ing of chemical analyses of minerals. I think it is w e ' ^ „ 

done in a recent text-book,to record mineral analyses in the form 
of metals and acid radicals instead of the usual form of oxids. The 

1* /!mtr. ■ 5 ci‘ f 4 ). Vol. 3 J. Pj .... 

« Dana, " System of Mmerptogy, 6ili ed,, p. xl‘>i, iSs*- 

it-Intfcduclion to the Study of MmeraU. New YorK I^U^. 
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present method is based upon antiquated notions dating back to 
dectroH^hemicaJ theory of Berzelius. The ideal way would be to 
record the eonsEituent elements. This can be done with haloids^ 
sulfidSj. and sulfo-satts but not vvith the oxvgen salts for there is no 
method of determining oxygen directly. If haloids or sulEds are 
combined with ox}'gen salts as in minerals of the apatite group there 
is decided advantage in recording percentages of the metals and acid 
radicals. In the silicates the acids and acid radicals are not known 
and It 15 necessary to ti$e the ordinary oxids as in rock analyses. 

In recording analyses it i$ well to give the molecular ratios of 
elements and acid radicals in addition to the percentage composition 
even if the purpose is not to establish a chemical formula.^* This 
plan has been proposed for igneous rocks by Washington** but might 
well be extended to cover minerals. Murgoci^ in an article on the 
classification of the amphiboles uses a tabulated list of the moIeciiUr 
ratios instead of the more usual percentage compositions. 

My suggestions concerning mineral namc^ are far from carried 
out at present. Out of Spencer's list®* of about one hundred new 
mineral names proposed between tlie years igqy-io approximately, 
not more than fifty-five can possibly be regarded as distinct mineral 
spaces. That is, forty to fifty names proposed within this short 
time are, in my opinion, practically useless. There are glcudonitc, 
pseudopirrsonite, and pscudostruvite, names for pseudomorphs. 
Fermorite, anemoustte, spandite, and grandite are isomorphons mix¬ 
tures. Spandite is an isomorphous mixture of spessartite and 
andraditq^ while grandite is an isomorphous mixture of grossularitc 
and andradite. \^Tiile these names may occasionally be convenient 
they only increase the difficulty of naming a miner ah The names 
are not exact for the limits are not defined, Azurmalachite, 
sefstromitCp and Icesbergitc are mechanical mixtures. Alomitc, 

jfi Kemp's '^Handbook of Rocks,^ $ih edition, pp, 171-177, 
wi I be found useful in ean.vertin|f pcrcenta|;e compositions ttilo mokcttlar 
ratios. 

Jcur. Ssk <4)^ Vol. lo^ p. 59, tgaa^ 

DepL Univ. 0/ CaHfornh Pub., Vol 4, pp, 377 and 383, 

A/a^an'ne, Voi ts, P 4 IS. l^m. For previous lUts see 
ibid., VoL. II, p. 3^; la, p. 378; 13, p. 363 ; and 14, p, 
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bonamite, ricolite, satelite, and vredite are trade-name^ of semi¬ 
precious and ornamental stones. Aglaurite (orthoclase), brayoite 
(pyrite). baUerite (paraEonite). coballocakite {cakitc), isomicro- 
cline (microcUne), baisile (scorodite), neslite (opal), magncsium- 
pectolite (pcctolite), pulkite (apatite), tawmawite (epidote) are 
simply varieties of the minerals indicated. Stiil other names are 
synonyms but these are often unavoidable. 

The task of descriptive mineraloEy's to establish and define the 
distinctive minerals or mineral species but the science is Eroatly 
handicapped by hundreds of varietal names which are worse than 

useless. 

In conclusion let me urge that in the future new names be given 
to bo,!a fide mineral species only and that distinctive names of 
varieties, pseudomorphs, and mixtures be discarded as far as possible. 

SxiiKroPD l]i;wmsXTff CALiraiNiA, 

May, 1513 ' 


THE CHARACTER AND ADVENTURES OF MULADEVA. 


Bv MAURICE BLOOMFIELD, Ph,D., I T O, 


iRcad ApriS i 3 \ jp/j.) 


Any selection of Hindu Hction might fitly open with the only 
story that attempts a continuous account of Muladcva’s adventures, 
because Muladeva is one of the very few figures in Hindu fiction 
that may be described as a "character/' In general the personnel 
of Hindu fiction is made up of stock or lay figures. Such arc, above 
all, the young prince, usually of ineffable beauty, virtue, strength 
and skill, who contrives to get himself separated from his happy 
home, and starts upon a career of adventure. This leads up to a 
union with a no less hyperbolically beautiful and virtuous princess. 
The hero, for his part, is liable to be carried off by a mettlesome horse 
into the wilderness, where his adventures begin. He is pretty sure 
to come upon the heroine in some unpleasant predicament, such as a 
prospective uncongenial marriage, or, when she is in some personal 
anger, £. times without end, the hero saves the beautiful 
maiden from an infuriated elephant, usually by throwing his upper 
^nnent before the elephant's trunk.» Or, quite in the manner of 
t, corge and the dragon, he saves the princess from a bloodtivirsty 
*ksasa. In the end he marries her, and she, incidentally, bestows 
her father’s kingdom upon him. 

Very frequently the prince is attended by' a faithful friend, per¬ 
chance the son of his father’s chief minister. The two, as boys, had 
played in the sand together, that is, had made mnd-pies together.* 
This friend is prone to display much heroism and self-sacrifice in 
behalf of the prince: he is a stock figure of the belter sort. Simi- 


^ KalhAsarits^gara So; Story of Batubhadalla, in Jacobi’s “ Av 5 ffewahlte 
Erzah^nsM, p, iS, J, ff.; « Siory of Agadadaua,” ibid,, p. 71, stanias S 3 U, 
Kathiurits&garA ft}* Vct^iap^licaviTiQaLj 5. 

Such a persoa is called m Sanskrit, p^sukrT^ila {Fari^i^taparvaii; 

I, Bombay edition. p. 17^ m Pali, pansukitita 
Uaiaka S3 and 51 &) ! MahavSitu 3. 451; m Prakrtlp pahsutdliya. Jacobi'a 
Au5e;eivah1tc Erzahlunecn," p, 20., L 16 . 
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hrlv, Ihc heroins h»s o W'^M femele friend, «1» is nhnosl ^ 
vnriahly the eo-het.veen, or love’s niessenBer (rereeir 
ween heitadt and the hero. The lady, as a role, tahes the tniMWe. 
hv loot or act, in establishing: relations vith her 

■ Comfortably settled kings, in their matorer years, are also tak 

o-ith a kind of "aanderlosr," and roan, in 

Merehants and nrerehants’ sons start on ,nests of trade arri n ^ . 
travel to a great distance; suffer ship-veteek; are meued be dan¬ 
gerous sirens; are destroyed by then.; or amm in |he end mar- 
Lons prosperity. Holy .ten, gift^f 
wander about; whensoever they are treated f 

the happiness of deserving lay persons. On he “ 

sorts of roeues m the guise of holy men play tricks under ihe mantle 

of their sanctity, usually to meet u ith 

the end. Faithful or faithless wives; noble or [ 

eaniblers thieves, and robbers arc further instances of ‘he ste 

otvped dramatis persooE of Hindu ^ ^ 

esicnt all these adventures are hfted to a ^ 

cism by the interference, or Tnd 

natural beings: benign gods, magicdovmg Vidyadharas Yahsas, ana 
Cel^^mphs, id^^psaras. .^nd all persons, dmuc or hunian, 

operate with supernatural agenciesi ma^c objects t 
or perform wonderful acts; powerful charms; the forecast 
dreams ’ the prophecies of holy men and women. 

The'advcntures of all these personages contain as a rule no very 

0 Jinlns plo«. They umnlly consist nf . chum ol »l.ent..nj^- 

vidunl,.omwtic»pivbdB,.tvunglogrthcr.<>ncaft<wni» Q 

frcQuently cue or the other of tlie happenings are in the na ure 
S^rwwinlc, nv prank. »r uirk which on. p.r»n .n the alnry play. 

X"n Xv a par. T^a s«Para.a of a «ory rt.r.iy unfold 

dhwrAcf.r' and do not n.c«s>rily conuibot. » such «.,o,«■«.»( as 

Car" “ 

some one point. 

< See FfahandliacinlaiMni, Tawney’s Translalion, pp. nr. 30, 43- 
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TT' r" “* »' Tata 

»!«* can ™.^„ed » a™ d,c junahu, of roaj or tatioua 
far, ?h“^ 1-'T “ of lime and place, There- 

olher T *'»'>• oi- fairr-tale, as foond nith 

a ™ rS“', ‘T- “ ‘ “ »ia^a-n.e.Un* on the sreat 

ori^.h '““"'R <•< lailia. N'M 

od, the .totea and fables of enhr. ejdes. such as the Paheatantra, 

^ * r “I”"'- =™* 

and i„LTd,^l ^ •■« "omhetless iodiridoal storie, 

a^rtd fir a 7 “ “■ la the rest of the 

to » Malr,^ 'X> "Ot oa-n 

o U on^ * '"™ ‘"'y at I* aospected 

to te of Indian onpn. As a eorolla,,. ,o this last condition, ncarl, 

narraiTHiZXr Ti’"' 

there are netpi, ’. \ ** * matter of external experience, 

original colte C ^ ^ *’*' ^‘‘^ries, nor absolutely 

on^nal collections of such fables or stories. 

are worked uo^th^r^ °t clever w-ay m which they 

-t of “ 

rule eithitr ® ‘*'‘='1 and women are, as a 

upon with biography of Muladeva, though dwelled 

Tf ehtac er Th T" delineation 

closer interlock- ' sequence, 

clo^r interlocking of cause and effect than is customary in Hindu 

<Ira?v«TaslTr‘ 

dhyavan? >*« «lied the Uttara- 

/ ^^Ucteva, moreover, fibres in an autobiwrapliis: eoisode 
W own life, narrated by himself to a king in Kathasaritsrigara 
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124p or at the end of the tenth book, of the Brhatkathamabj^LrL 
Again, in the fifteenth ' Tale of the Vampire' (Vctalapancavih^ti), 
he acts a Mephistophelic part in involving a princess in two toar- 
riages, arranged so trickily that it is hard to say which husband she 
really belongs to. Muladeva figures occasioually in other stories; in 
addition, a lively tradition of a very variegated sort shows that he 
has fixed himself as a “character" In the imagination of the Hindu 
people through many centuries. Yet even Dgvendra’s biography is 
rather in the nature of an impressionist sketch than a well-knit 
novel. Nor is his characteriiation in tradition as a whole by any 
means consistent: he has traits of Simplicissimus, Tyl Eulcuspie- 
gcl, Cagliostro, Mephisto, and others. On the whole he is a rogue 
whose pranks have endeared him to the popular heart a* a shifty, 
yet delectable figure, who may however, as in Devendra’s story, 
occasionally be taken more seriously and padded out into a sort of 


hero. 

The life historj- of Muladeva fitly begins with his own name,* 
which seems to mean “ Wizard,” literally, " He who makes roots his 
divinity.” Within the sphere of narrative in which Muladeva fig¬ 
ures, magic practices by means of roots are still as familiar as thej 
were in the time of the Atharva-Veda.* Muladeva is identified, 
next, with Karnistita,^ an author on the ” Science of Thieving" 
(steyafpstra-pravartaka), Karnisuta is said to be a Karataka, some 
sort of gentile designation. In Da^akuiiiaracarita, Apaharavar- 
man, one of the princes who narrates his own adventures, him¬ 
self a great scoundrel, tells how be decided to follow the way of 
Karnisuta, in order to teach the misers of a certain city- the insta- 
bilitj' of wealth, by the simple device of stealing that wealth. At the 
end of the same story King Rajavahana, after hearing Apahiira- 


Cited by the Kicika at Panini ft 2. iS. i c . 

' Sfe Btoomfield, “Thfl Atharva-Veda/^ General Index, p, i35 i Sehmidlp 
BeilraVe Jndhehen Erotik, w- -3!>. 740! Prabondhacintamaip fTawney's 


Translation), p. ipt, . ,. u . e i. .lu 

Mr the Lexicon called Hiravati, as cited by the commeniary to Subandhu s 

Vasavadattdi sec M'eber, Mndisclic Streifen.” 1 . 33 .V note 2; Pavolmv 
OSAL is. 17^; tr&nslaiioti o t DaQ^iWumiracantap pp. 51 Si 244, 

Bikkr^i^a to Birta's KUdambiiii, In a round atMut fashtpin also makes the satnc 

idcnlification J sec 
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varman’s rascally story, exclaidis: “ Why, you have gone Karnisuta^s 
rough practices one better!"' 

Karntsuta goes, all told, by four names: (i) Muladeva. (^) 
MQlabhadrap perhaps, Servant of Roots": the najrie is liitk more 
than an equivalent of Muladeva, (3) Kalahkurap Shoot of Ac¬ 
compli shments,'" that iSp ** Product of the 64* kaUi's/" or atcomplish- 
ments, which belong to a man of the wrocld, or man about 

town, the typical nayaka or “hero," a sort of “de^il of a fellow/" 
as he IS sketched ideally and sysiematically in the scheme of the 
(to us) \hilanou5 Kama^asiraSp* or " Love-Bibles of India. (4) 
Karnisuta (Karnicuta^®), and Karniputra^ t, “Son of Karnh'^ 
a mother about whom we hear nothings perhaps a courtesan. Else 
we should, according to Hindu models, expect a patronymic, rather 
than a metronymic. ‘^Sons of maidens"' (kumaripiiTrap kanina) 
are welLknoi,vn in Sanskrit literature, if. VS. 30. 6; TE. 3. 4. 1.2; 
Mann 9. 160, 172. In the two Vedic texts he typifies lust or pleas¬ 
ure (pramad, pramud). 

This fourth name is similar to that of a frequently mentioned 
author of amatory Uterature, namely GonipulrakSp Gonikaputra, 
and Gonikisuta, i. ** Son of Gon! or Gonika*" In the introduc¬ 
tion to the Paheasayakap Five arrows (of the God of Love)/* 
occurs the expression gomputraka-muladeva-bhanitani, which looks 
for all the world as tho it meant “ Muladeva^ the Son of GonT/- In 
the same text Gonlsuta and Muladeva are mentioned once more, tho 
not side by side, as authorities; no otlaer authors are mentioned at alt. 
This also looks as tho the names were interchangeable, especially 
when we consider that the text is metrical and is liable to require 
differing quantities in a tetrasyllable; see Richard Schmidt," Bcitrage 
^ur Indischen Erotik," p, 918 ft. The same author* p. 46, remarks 

® Prabandhacintiinafii, j>. 32, cotints "a aecompliihmeiits. So also Dflvendra, 
in the itory of Agad^datta (Jacobies “ Ausgewahlte Erzahlungen stanEa 22. 
See ike list in Prabhavaka-Carlta (c<i Hir^nanda U. Sharma), p. 133. 

* Not so the Hindusr They the Kama^stra as a Icgitim-ate 

(^stra. £, g,, in the PrabandhacintSma^i, p. 63, Vatsyayana's Kama^a^tra is 
rctiarded a$. on a par with the three Vedas, the Rashuvakgat and the Arlha- 
(KfLutlliy^) of C^jaakya. 

This spelling due, perhaps, to Prakrit euta fallen " the standard ex- 
pressson for passing from a higher to a lower existenee in the eourse of 
traiismigralion. 
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any case the ulna’s Kadambari (Petersoii s edi- 

nf Mi'iladeva and Kamssiila, isanas rvauaiuw \ 

?• ' f. Tfl 1 i6^ states that the Vindhya forest, like the story of 
tton, p. 1$, h ' , I p This is euphnistic indirec- 

■'TSoltf/lor 

Thic «ord, figu,. in the MhWev. legend, « pr^er 
^e^■ pereone. end thus meke nn. , ntethemehce. egneuon 

between Muladcva and Muladeva’s character we may 

Sfl much for the Asrejg * , ^p> t 1^*15 

r, h*:"’e >oung nten e. weelth '1'^““ 

being lh« Mdledev. it beet eble tn a youth ttcu. the ptHall, 

'‘*“N:r‘‘br“a, poluted out .hove, shining authority on 
kja^slrat the Pahcasbyalta relora “J*™ “^JVtevi 

tuate question, of the «« onuttonu ■ of OurgSt he 

is theri measoned along with a set of htoa^stre 

tor the most part are „„ aber than MSIa- 

Incidental mentions m literature snois 

LI' in tlie series Kivyamiln, fascicles i and S < !«»), 
11 Tke icJct IS T J. Meyer, b the Introducti™ to bis 

An analysis of its eontents is E ^ Sylvaln Levi, " La 

iranslation of the (reprint). In Cukasaptati. 33, the 

^raernSr. »" ■» •'" “ 

teach him the wiles and tricks of 
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practices, but also in wise saws pertaining to love. In Kathasaritsa- 
gara 9S etalapancavti'K^ati 24) a son encourages his widowed 
father to marry again, by means of a stanza composed by ilula- 
deva: “Who, that is not a fool, enters that house in which there 
1$ no shapely love eagerly awaiting his return, which tho called a 
house, is really a prison without chains?" A scholiast to the Sap- 
tacataka of Hala‘* cites a hemistich by Muladeva of quite similar 
import. It s no use anointing yourself with fragrant unguents, if 
you haven't a light-o’-love." In the 30th Story of the Parrot (Cuka- 
saptati) two demons (piqaeas) quarrel over the beauty of their 
respective wives, Tliey catch hold of Muladeva, who Is to decide. 
He, thinking in his soul that both their sh^levils are passing uglv, 
wriggles out with the verse: *' To every lover in the world she alone 
seems charming that is his love; no other." The same riddle In 
Mahabharata. Kathasaritsagara. and in the story of Oedipus; see 
Taumey s note to his Translation of Kathasarltsdgara, i. 26. 

Muladeva Is, however, not merely the theoretic academician of 
ove. Tradition has him the practical promoter of love: wherever 
there be some beauty to conquer, either on his own account, or on 
the account of ochers, he pnshts himself forward. Afore especially, 
m love-affairs of the shady sort, Muladeva is the standard resort 

^ mischievous devil in connection with 
dhat loves, Thus, as regards the last point, in the “Tales of the 
Parrot, 22, a farmer’s wife who is in the habit of carrying him his 
dinner amuses herself with her paramour on the way. She deposits 
the dinner-kettle on the road, and Muladeva puts in camel’s meat, 
W hen her husband inquifes suspiciously she, quick as a flash, an¬ 
swers, Sir, I dreamt that you would be eaten by a camel, and have 
played this prank to nullify the omen," Another time, in an un¬ 
savory little story told in the Jain Avagyaka Niryukti, Muladeva is 
on the road with a boon companion, a sort of fidus Achates, who is 
ere named Kandarika, They come across another traveler with 
is \iifc. When Kandarika is smitten with the charms of the 
woman, Muladeva tricks the husband. 

Muladeva climbs to the pinnacle of tricky mischief, as “ lord of 

” Cf, Webtr^ Das Hala. p. xxv. 
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rt^ies” in affairs of love, in the 15th Vampire story, as told in the 
Kathasaritsagara 89, or the 14th story in Civadasa’s version of the 
same book* A young Brahman, Manahsvamin, saves the life of a 
princess Ca^iprabba from an infuriated elephant. The two young 
people, of course, fall madly in love with each other. Manahsv.amin, 
who is not eligible, goes to visit that master of mape, Muladeva. 
Then that matchless deceiver places a magic globule into Ins mouth, 
and transforms himself into an ancient Brahman. He gives a 
second globule to Manalisvamin, who turns into a beautiful maiden. 
And that prince of villains took him tn this disguise to the judgment- 
hall of the king, the father of his lady-love, and said to him: “O 
king, I have only one son, and I asked for a maiden to be given him 
to wife, and brought her from a long distance. But now he has 
gone somewhere or other, and I am going to look for him; so keep 
this maiden safe for me, imtil I bring back my son; for you keep 
safe under your protection the whole world.”^" Needless to say, 
the king accepts the charge; gives Manahsv^nin as a companion to 
(;aciprabha; the two marry by the Gandharva rite; and Manah- 
svamin is a woman by day and an ardent lover by night, using tlie 
simple device of putting in and taking out the magic globule. 

In lime the broilier-in-law of the king gives his daughter, Mrgaft- 
kavati. in marriage to the sou of his minister. The princess Ca^i- 
prabha is invited to her cousin's marriage, and goes there with her 
ladics-in-waiting, including Manahsramin. wearing the form of a 
young maiden of exquisite beauty. Tlie fresh bridegroom becomes 
distracted with love on beholding Manahsvamin. ITierc were no 
difficulty in his marrying Manalisvamin as a second wife, 
can tlie king who has him (or her) in keeping for another husband, 
a Brahman's son, permit this marriage? It is decided to send the 
minister’s son on a journey of six months; if, when he returns, 
the Brahman has not come back to claim tlie maiden, he may marry 
her also. Manalisvamin, the trick-maiden, remains behind with 
MrgankavatT. The two girls become very affectionate, until finally 


istbe sarae mse in similar stories, Cukasaplati Pramati's ajvemurt, 
Dwkumaracarita S; Ka.hiisatits5xafa 7 . Vrmcanta S 

.yfuefrea, alv, iS3 ffT- 

™oc. Auas. I'liit, wkl, i.n v. J»v. 19 , 1913 
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the pupil of that ntastcr-rogue tells her: I have a boon from Visnu, 
by which I can at pleasure become a man during the night* so I will 
now become one for your sake/’ Then they elope before the min¬ 
ister s son, the luisbartd of Miginkavaii, returns to claim the man- 
woman ^(anahsvamin* who had been promised him as his second 
wife. 

One should tliink tliat Muladeva would be content with the impish 
mischief done so far. Xot he. Again he takes on the guise of the 
old Brahman, turns his Leporello (who is this time called 
into a young Brahman, his supposed son, and goes to claim Manah- 
Svamin as his daughter-in-law from the hduciaiy kiug. The latter Is, 
of course, unable to deliver the goods, and, afraid of ihe feigned 
stem Brahman anger of Muladeva, gives his owm daughter &ci- 
prabha to Ca^in, by way of compensation. 

Tlien Muladeva takes lliis bridal couple to his own home, w'here 
Manahsvamin meets them, and a fierce dispute takes place between 
the latter and Caqin in the presence of that Muladeva. Manah- 
siatnin says: 1 his Caciprabha should be given to me; for, long ago, 
when she was a maiden, I married her by the favor of the master 
(i. c,, Muladeva), Ca<jin says: “You fool, w'hat have you to do 
w ith her? She is my wife, for her own father bestowed her on me 
in the presence of the fire, * The story cleverly dodges the decision 
of the dispute. 

There is one charming story which Muladeva narrates to the 
famous legendary king Vikramaditya, as illustrating the virtue and 
resourcefulness of a true wife. It is told in Kathasaritsagara 124. 
and, in a poor digest, in Brhatkathamahjari 10. 272 ff. As behoves 
the atmosphere of our hero, it is full of quips and pranks, but the 
joke is rather on Muladeva, who narrates it with a sort of humorous 
self-persiflage. Muladeva, in company with Caciti, arrives at Pata- 
lipulra, and, after some witty preliminary passes, full of give and 
take, with some of the inhabitants." Muladeva falls in love with a 
saucy Brahman’s daughter who had shamed them by her wit. He 
ingratiates himself ivith her father, and manges to marry herj she 

** ThequEp with the mango-fnuts recurs in PralrandhacintSmacii {Tawnev’s 

TmislaEEcin)p pp* 3, 6. 
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does not remember that they had previously exchanged repartee. At 
night he recalls himself to her memory, when she says: “Yes, 
country bumpkins are tricked in this way by city ipvits/’ Then he 
replies: "Rest you fair, city wit; I vow that the country bumpkin 
will desert you and go far away.” She then vows in her turn that 
a son of hers by him shall bring him back again. He puts a ring on 
her finger, and promptly makes off to Ujjayini, in love with her, 
but w'ishing to make triad of her cleverness. 

Then the Brahman's daughter starts off to Ujjayim in the guise 
of a splendidly equipped hetsra, calling herself Sumahgala, There 
she poses as the beatity of the world, a position which she is able to 
maintain through her father's wealth and her otvn charm. She is 
approached by many suitors, but manages to elude them. .Vluladeva 
narrates with gleeful unction, how his own friend Ca<;ln was chased 
from pillar to post in an attempt to reach her. Finally Muladeva 
himself is admitted to her presence and favor. He does not recog¬ 
nize her as his own wife, but lives with her in great mutual love for 
sottic until sli€ forges ^ Iftttr from het supposititsous sovereign^ 
and disappears as she came, returning, of course, to her home in 
Putaliputra. 

In due time she gives birth to a boy by Muladeva. This boy, at 
the age of twelve, is wonderfully accompli sited. In a quarrel he 
beats with a creeper a fisUcr-boy who is, of course, of low caste, and 
the boy throws into his teeth: " You beat me, the nobody knows 
who your father is; for your mother roamed about in foreign lands, 
and you were bom to her by some husband or other.”’’ The boy 
then e.'ftracts from iiis motlier the whole story, including his father's 
name, and finally exclaims: " Mother, I will go and bring my father 
hack a captive; 1 will make your promise good!" 

At this point Mutadeva’s own narrative becomes too good to be 
shortened, "'riie boy set out and reached this city' of Ujjayini. 
And he came and saw me playing dice in the gambling-hall, making 
certain of my identity from the description his mother had given him, 
and he conquered in play all who were there, and he astonished every 
one there by showing such remarkable cunning, tlio a mere child. 

i^Cf- PfabiiTHlhficititiiinac?^ p- i7°- 
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Then he gave auay to the needy all the money he had won at play. 
And at night he came and stole niy bedstead from under me, ietting 
me down gently on a heap of cotton %vhik I remained asleep.” We 
must rernember that gambling Is 11 uIadova’s pet vice which brings 
him to grief in Devendra's novel, and ihat^ furthermore, he is 
prince of thieves/* author of a stcya-gastra or thieves" bible/* 
Stealing a bedstead from under such as he^ is like stealing the white 
of Sherlock Holmes* eyes, lluladeva continues: "So when I woke 
up, and saw myself on a heap of cotton, without a bedstead. I was at 
once filled wdth mixed feelings of shamct amusement, and astonish¬ 
ment. Then, O king, I went at my leisure to the market-place, and, 
roaming about, 1 saiv there that boy selling the hedsteadp So I went 
up to him and said ^ "For what price wil] you give me this bedstead?" 
Then the boy said to me, "You cannot get the bedstead for money * 
O crest-jewel of cunning ones ; but yon may get it by telling some 
strange and wonderful story/ WTien I beard that I said to him, 

' Then I will teil you a marvelous tak- And, if ytsu understand it 
and admil that it is really true, yon may keep the bedstead; but if 
you say that it is not true and that you do not believe it, you will 
be illegitimate^ and I shall get back the bedstead. Now listen! 
Formerly there was a famine in the kingdom of a certain kingj that 
king himself cultivated tlie back of the beloved of the boar with 
great loads of spray from the cliariot of the snakes. Enriched with 
the grain tfms produced the king put a stop to the famine among his 
subjects^ and gained the esteem of man.' 

" When 1 said this the boy laughed and said: "^The chariots of 
the snakes are the clouds; the beloved of the boar is the earth, for 
she is said to have been most dear to Visnu in his boar incarnation; 
and what is there to be astonished at in the fact that rain from the 
clouds made grain to spring on the earth?"” 

The boy then, in his turn, poses a cosmic-mythological riddle— 
dear to the heart of the Hindu from the time of the tlieologica! 
brahmodya of the Veda^—on the condition that, if Muladeva solves it, 
he gets the bedstead; if not he becomes the boy"s stave. Of course, 
Muladeva fails; the boy takes hold of his arm, and takes him to his 
mother in Pataliputra. Muladeva^ the unstable scape-grace, lived 
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there “ a long time *’ with that wife and that son, and then returned 
to Ui iayin!, unable to keep steady company for ever. 

Muladeva is not merely versed in tlie direct arte, practices, an 
tricks of love; he is also celebrated in all accessories. He is a culti¬ 
vated conversationalist s bnlliant narrator; marvelous musician; ex¬ 
pert in massage, perfumes,and ointments;”knows howto send a lady 
a present; in fact, man of the world and orfritcr elegants, ot iccor - 
Lag to the Hindu Love-Bibks. a typical tiayaka, or “ hero, who must 
really control no less than sixty-four accompUshmcirts. These cjuali- 

ties come to the fore in De^'endTa’s story, .. „ , , . 

In the broader sphere of tradition he, or his double Kami suta. is 

a dhurtapati, “master-thief " and author of a ® 

story of Mandlva,” another of Devendra’s stones, iluladeva, after 

be has become king of Benmyada, figures 

catcher (a la Haroun-al-Rashid) ; cf. Kathasaritsagara 88 and 112, 
Vetalapancavhicati 14 (uivadasa 13). As a corollary to his artis ry 
in this science we may regard the statement that he 
in cipher. This is also one of the necessary qualifications of the 
great Hindu Macchiavelli. the celebrated anakj-a. Minister of king 
Candragiipta, who like Richard HI, was bom with teet^n bis 
mouth.” aiiakya goes by the nick-namc Kauplya, 1. f., „ 

The recent publication of his Arthaijastra, or cicnce 0 
is one of the important events of Indolog^^ 

Muladeva is, furthermore, a great magician. In Devcodra s sto^ 
he slaps a hunch-backed female slave upon the back, and, presto, she 
becomes straigiit. Particularly he has always at his hands one ot 
those magic pills.” They are familiar in Devendras stones, in the 

»I„ c.»i« f 

=.|wb brf.t Ibbb in .b, b..J wh«. fton wn.1 bnm. In 

C«bn..,..ti J (-bem Kntfln i. .hn 

.in^ks- » V«rtU.anca.-iiinMi U (Civadisa’s vorainn) 

.iddbaSS » b-baraiibb (.=..n.): ibid.. » 
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story of Muladeva our hero transforms hiin&elf into a dwarf. 
All sorts of devices for such transformations are farniHar in Hindu 
fiction; see especially Kathakoca, pp. 103, iio^ 114. 130* 13S* 184; 
Katlmsarilsagara 37 and 74 (cf. Tawney, 11* p. 632) ; Prabandha- 
cintamani, p. io6| Meyers Translation of Dacakumaracanta, p. 83. 

The dramatic, or almost tragic note in Mnladeva's character is 
his love for gambling. In the story' digested above tlie boy, on arriv¬ 
ing in Uj jay ini, finds ht$ father duly engaged in gambling in the 
gambling-hall, just as the theft of the bedstead is a jibe on Mula- 
deva s reputation as master-thief. In Samayamatrka 6.:29 Mnla- 
deva is said to be skilled in tJic practices of the demon Kail, meaning 
that he i$ a gambler- Devendia's story begins by telling that his 
father drove him from home on account of this passion of lits. Tit 
the same story he, like Vudhisthiraor Nala, loses hi$ all by' gambling; 
in consequence he is htimibated by a rival, and 15 driven from the 
side of his beloved* the heuera Devadatta.^* 

It is a curious* yet rational trait of story^ tradition that an outside 
atmosphere of complacency or benignity surrounds the scape-grace 
shape of lluladeva^ The story^-teliers all hke him. Don Giovanni 
must go to perdition in the end, but, as long as he lives^ he is too 
entertaining to be read out of stage or dratving-room. It is true that 
one solemn Jatn text, the Jnatadhyfiyana 19, cites him* or what 
amounts to the same, hi$ companion Kandarlka* as a forbidding 
example of sensuality.** Yet there is no mistaking that he is beloved 
of the romancer. And so it has come to pass that thi$ dissolute 
rogue and comi>anton of the base, this “ Schlaumeter and Eraspitz- 
bube/* as Jacobi once designated him* is done over into a real pious 
hero by another Jain writer, Devendra, tiie author of the Vrtti to 
the Uttaradhyayana. We are: accustomed to an important difference 
in the handling of fiction by Brahmanical texts on die one hand and 
Buddhist and Jinist texts on the other, Bralrmanical fiction is essen* 
lially secular, tho it is employed seiitentiously to illustrate bodi the 

>'0£;a|£hapka or yo^figulika (both corrupt) ; iiv SlmavidhSii^-Btihmiioa 3- 
4 . 3, gohkit. Set above* and Jacobi, Auss^wabltc Era:ihlungert,** p, 9^ line 3B: 
10, line i; 31, Itnes 29-33, 

Sec below, p. 641 . 

Set Ltumann, W 2 KM. vi, 43, 
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mititarian and moral aspects of life (artlia, kaiitilya, nit!, dharma). 
But the Buddhist and Jinist texts are religious forthright; they teach 
the high piety, the high moral law, the dhamma. \et they work up 
the same variegated, unmoral, often immoral fiction, and that, too. 
always under the cloak of leaching the law (dhammakatha, dhamma- 
kaha). The texts are full of curious discrepancies tie tween the tissue 
of the story which is often palpably phlogistic, so to say, if not pru¬ 
rient, and the sententious piety which hangs from it as loose em- 
broidcr%'. It comes as a shock when wc read in Andabhata-Jataka, 
how a king who is the future Buddha hires a professional rascal 
(dhutta) lo corrupt an innocent young girl by pander’s tricks worthy 
of the doarines of the Kuttanimata or Samaynmatrkii, in order t lat 
he may beat his own chaplain (purohita ) at gambling. The text has 
in mind to bring out in strongest relief the mental superiority of the 
Buddha, but at wliat cost? It is hard to shut out the impression that 
tliose good saints, those Bhikklius and Arhats; those Sahus and 
Kevalins liked a romantic, or even salacious story for its own sake; 
that lliev sat there in their vihiiras and acramas with sometlung very 
like the ghost of a smirk on their faces listening to what people wiU 
always listen to. but saving their faces in tlic end by drawing tlic 
niori wliich tacks itself gratuitously to the heels of almost any 


nauglitv entertainTTient. 

The story of Muladeva, as told by Devendra, is a loitr-de'force 
of this sort, which is hard to beat and not quite easy to understand. 
Muladeva is still the gambler who gambles away the clothes off his 
back; the black-art practitioner; the musician: the com^nion of low 
women; the riVnir; ami tl"? resourceful adventurer. ISone of these 
qualities, wc must note, respond to the Jinistic .deal. But the story 
recoins many of these values; it makes him out a veritable pattern 
and exemplar: skilled in every accomplishment, versed in many 
arts, noble of mind, of grateful disposition, a heroic protector, virtu¬ 
ous, clever, and gifted with beauty, grace, and youth. Or. m the 
words of the lieUxra. w hose devotion to him is the savmg 

motif of the story: " he is wise, of noble soul, a very ocean of kind¬ 
liness. skilled in the arts, pleasant of speech, grateful, virtuous, and 
of discerning mind.” One is surprised at Iieanng the jargon of the 
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Hindu counsel of perfection—this is about what it afTiouuts to— 
on such a stage and from such mouths. The way these people de¬ 
claim on^ and really seem honestly to admire “vLniiep*' fits vice- 
crusaders better than denizens of the lower tvorld. Aside from this 
paradox the happenings of the story* event by event, are sheer 
romance, strangely uncongenial to an Acta Sanctorum. 

The purpose of the Jinist writer is served thus: Muladeva's for¬ 
tunes sink to a very kjw ebb indeed, because of his passion for 
gambling, and the rivalry of a rich suitor for the favor of Devadaita, 
named Ayala. In the end he manages by dint of a frankly selfish 
act of piety to obtain success through the favor of the gods. He 
gives his own scant foodp which he has just obtained by begging, to 
a saintly ascetic who has come to a certain village^ in order to break 
a month s fast In consequence thereof he obtains the kingship of 
Bennayada. The point is, that it pays to serve holy a5cetic$. I must 
say, I like Devendrat ihe story-teller* better than DevendrSp the 
theologian* 

Something needs to be said about the remaining characters of diis 
story. Tlie heroine* Devadatta,'* belongs to the type of the bcautifnl 
and noble hetierap gifted with ever}- grace of heart and mind. How¬ 
soever difficult w'e may find it to adjust this conception to our idea3> 
the fact is that with the Hindus this is a settled conceptioiip and a 
settled type in fiction. The system of the erotic IxKjks deals with 
various grades of heiseras; the first grade, called ganika, standing 
for the type of noble hetaera.** We need not try the hopeless task 
of appreciating such distinctions. Taken in bulk they arc in the 
main tlie product of the naive schematisni of the Hindu mind. Yet 
there is an appreciable sediment of reality as regards the beginning 
and end of the classification: there are vile and noble heUeras- For 
an exlreme example of the former class see the parallel storiesp 
Kathiisaritsagara 58; Kalhako^a, p, 128 fF.; Kalavilasa (Meyer's 

cDnnmentator of Subandhu^t V&savadalt^ Spb^tituEcs the name 
Nagarajng-ndana^ statiti^;: that a hetscra of that name wa» captivated hy 
Miiladeva's superior inicllcetual qualities. See Weber, “ Indische Streifenp" 
I.p sSjp note 

Sec Schmidt Bell rage lur Tndischen Erotik/^ pp. 27S 788 ff,; Meyerp. 

Eacalcumiiracarita^ p. 41 E.j Samayaniattk^, pp. i3t ff.j fukasaptatt 45* 
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Samajamairka. p. L ffO As regards tlie noble lieUera 
fedfigur^ of Aspasia, or Phrvne, or Lais, those " 

antique swell society, come easily to mind as ^tallels. ^ " 
mav run on different planes. The character of the Hindu hc^ra ,s 
at times really noble. Such a hetsra, Vasantatilaka, is the fnend of 
the princess Rainamanjari, in Kathiko^a, P , 

Knberasena. shows the greatest devotion to her children " 
parvan a. ^25 fF.; a third one is remarkable for her intellect m Pra 

“t^rS -d Madana^m. Kath^sarit- 

sagara 38. is a story of a hetieta’s true devotion which 

the reflection: “Thus. king, even hetseras ate occasion ^ 

character and as faithful to kings as dieir own wi^es. much mo e 
character, an ^ Accordinelv Prabatidhacmlamani, p, 

ot cl»r,«.r U^nu.. 

KMed to by VwuMKnS, tl.e l.n«J«s toomc o. tl.e 

Stoav^,.. Dr.ton C^uto. «ho « 

by libtoity, .nd uUlrn..* >*"71^” ‘r ,be7. 

Dc.-aa..« STU browto b.,. 

friend, or ^ ^ Kandarlka), but Kandanka belong rather to 

of one Kandana (Skt. Jxa, . J> f.Up other is Vara- 

,b. B,n.bb,dto cyd, o “ 7 , 7 “; 

dhw», or Erto-valhi book, (KothStotagaro 

prince Banribhadattn. . . - ^ t. ^ 

‘ «CI. the dcines of Dafts(r 4 k«alii and Dhyrtamaya m Cukasaptat, 

** Gt. lieumatirth WZKU. vi. 43* 
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and Brhatkatham^-njari) tht tiarne of companion is 

Cacin. The conitnentatqr Raiakrana, to Bana^s Kadanibart^ 19.16 
(Peterson's cdiiion), alludes to him as “ HareThis Ca<jio^ 
a sort of Leporello to Alutadeva^s Don Giovannh flits across the 
lluladeva legend with tantalizing clusiveness: we should like to know 
more of him. It is rather curious that Devendra^s novelette fails to 
mention him. Bm I think that he is, after alh there hy reflection. 
W hen Muladeva is driven out of Ujjeni by the Mama's machinations, 
he starts without a penny to bless himself with for Ben^yada^ where 
he ultimately becomes king. On the way he comes to art e?ctensive 
forest. At tile sight of it he reflects that, “if he could meet some 
other person traveling in the same direction, 50 that lie might at least 
have someone to talk to^ the journey through might be pleasant 
enough.” Opportunely there comes along a piiakka-Btahmati. 
which I take to mean a Brahman of the Thugs.^^** In his eompany 
Muladeva crosses the forest. There is regularly a touch of facedous- 
ncss in this road^ompanionship, but this time the joke is rather on 
Muladeva. For three days they travel together. Muladeva has 
nothing to eat, whereas the Dhakka has a wcll-provistoned knap^ 
sack. At each meal-tIme ihe Dhakka feasts without offering Mula- 
de\a anything, until the time comes for parting. They exchange 
names and addresses, and Muladeva, thq treated tlius shabbily, 
expresses his gratitude for the coTupanionship. Later on^ when he 
has become king Vikrama, he presents the Dhakka with a village. 
The curious anecdote seems to me to reflect the companion of Mula¬ 
deva* and to serv^e the additional purpose of placing in strong relief 
the grateful disposition which the story explicitly ascribes to 
Muladeva* 

The Jain a story of Muladeva in MaharastrT Prakrit^ bv tlic Jaina 
chronicler Devendra." gathers up the adventures and unfolds the 

=*The same authniity itientigns also Acab (Ayab}, Miiladeva's rival, as 
one qf his friends. Also a pcrsonagie by the name of Vipula, othemvise un- 
^rd of in the story: Kaniiititah Karafakah steyaci5trapn]varlakat;i tasyi- 
khyatau sakhayau dvaw Vipuli-Acalasamjnitau Ca^ac ca mantripravarah, 

“See the note belaiv, p. 641 + 

Edited by Jacobi, Ausgewibltc Etrahlnne^cn in Mahara^rT” pp. 

6s; elaborated, or translated by Pavolini, “Vicende del Tipo di Mfiladeva,'" 
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character of this singular personage more completely and consist¬ 
ently than all the rest of the data which occur scattenngly m the re¬ 
maining literature* It is a legendary biography without any real 
historical value. There certainly existed at some time 
an author Muladcva. tlie son of the woman Kanji (or Goni), skilled 
in the dr.r amataria and kindred topics* But this connected quasi- 
biographv, well-knit and consistent, a rattling good story so to .peak, 
re4ls hself on closer inspection as both legendary and unoriginal. 
The individual items of the story arc for the most part recurrent 
motifs from earlier sources. Devendras skill hes m his pmver 
to connect and to imbue with life the separate mem^rs of h,s 
stor\-. The shifting, flitting* shadowy figure of Muladcva shapes 
itself into a real person in his hands. Devadatta* in w^om is 
embalmed the notion of the noble heta^ra* becomes, whether we 
will or not. a personage altogether lovable. The Mai^ ma es us 
forget her own baseness by ihe sheer force of her character and 
the wit of her utterances. Her sayings and doings 
the best and most original feature of the story* Muladevas 
rival. . 4 vala, is weU delineated. Mflladeva's mishaps, the manner m 
which he prepares for greatness, his dream of kmgship. and his 
choice as king of Beiinayada arc well told. The entire setting e 
storv', from tlie moment that MOtadeva arrives m Ljjem an le 
comes acquainted with Devadatta* betrays the practised skill o a 
good dramatist, and reveals Devendra as more than a nval of the 
best Jataka-narrators. In the following translation the parallels to 
the individual items are stated in the notes, without, however, going 
into the details of comparison* For the materials involved m these 
comparisons, as indeed for the data involved in this essay as a wdiole, 
I am indebted in part to the essays or translations of the scholars 
mentioned in the foot-note on p. 63:1. Jacobi s excellent edition of 
Devendra-s stories with vocabulary has long been an Indological 

- Hindu Talcs" (London, i^OOJ, PP ^93 ff- 
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Tiie Adventures of Muladeva as told by Devenuka. 

There is a city called Ujjeni. A certain Rajput, Muladeva by 
name/^ had been cast out by his father because he was addicted to 
the vice of gambling,** and after roaming over the earth had come 
to this city from Patalipiitta. He was withal skilled in every* art; 
versed in many sciences; of noble mind; of grateful disposition; a 
hero to those who sought his protectioti; devoted to virtue; cour* 
teous; clever; and gifted with beauty, grace, and youth. In Ujjem 
he changed his appearance by virtue of a magic pill,** took on the 
shape of a dwarfs and astonished the city folk by his many stories^ 
by his skill in music and other arts, and by the performance of sun¬ 
dry^ jugglers' tricks, so that he became a celebrity. 

Now there lived at that time in Ujjeni a most elegant com'tezan, 
Dev'adatta by name, proud of her beauty, charm^ and intellect. 
Muladeva heard that her pride was such that she took no pleasure 
in any ordinary mortal. He became curious, and, in order to stir 
her emotions, stationed himself at daybreak near her house, and 
began to intone a sweet-sotinding melody. His voice vibrated with 
its many modulations; his song was exquisite in the harmony of its 
various sounds. Devadatta heard it and thought i ^'Ah, what an 
incomparable voice; this must be a god, not a mere man!"” She 
scut out her skve-girls to look for him, andt when they found him, 
they saw that Muladeva had the shape of a dwarf, all of which they 
reported to Devadatta. She then dispatched a hunchbacked slave, 
Mahava by name, to call him. Mihava went up to him, and ad¬ 
dressed him politely^ "Very* noble sir, my mistress Devadatta bids 
thee favor her with a visit to our house," 

Miiladeva slity disguised his purpose^ and answ*ered her: I have 

iaTjie part of the story beginning here, up to the point where Muladeva 
^ disgraced by Ayala, is essentially the Same a^ the ilciry of Lohajaaigha, 
Kathasarit^agara 12, 78 ff*; see the notes in Tawncy^s Translation, vol. L, 

*^Ct. Katbas^iisagara 121, 

** Sec above, p, 627, 

^ The ttieme of the lure of a beautiful voiee recurs frequently {see 
Bcnfcy^B Paficatantra i. 436 E,) ^ Meyer, " Hindu Tales," p. 263 ff.; Ardsebi- 
Bordschi-Chan* second InterpolatiDii in nth stofy (Julg, MongdlIselte 
Miirchen); Goontillekep Orientalist, i. 277 ff. 
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no use for the sodety of courtezans; genteel men are forbidden 0 

associate with dissolute women- As the poet says: 

“A courtezan is a most degraded person; she is worn mit bj 

countless gallants, is given over to drink and f f 

soft of speech, but evil of mind: such a one is not regarded b> 

the crest of a flame her nature is to devour; like 
ing drink she bewilders tlie senses; like a razor she cuts the body; 
aye, like a thorn the courtezan is rued! 

"Therefore 1 have no desire to go to her. 

The slave^woman, however, beguiled his soul with many en¬ 
ticing expressions, insistently t«>k him by the hand. ^ 

the house. As he went he slapped her crooked l>a^, and by v irt e 0 
his great art and magic skill, she was made straight. Wi^ 
astounded mind she brought him to the house, where 
beheld him. a dwarf in shape, yet 

daze she bade him be seated, and offered him betel. p 

exhibited her restored figure, and told the whole s o - * ; 

still more amazed, began to converse .n sweet and cu uva 
cuaee‘ her heart was attracted to him. As says the • 

^ ^Thc conversation of clever men. pleasant m its courthne^ 
adroitly witty, delightful in its ddicatc sounds, that « sorcery 

"'''rhTp^ucrthatT«^tI“ lute-player 

K.S ..... ‘ A.. 

lulist, bravo, your skill is exquis . Jiff-rence between 

t. IT" .,1 are oassins clever; they know the difference between 

the Ujjem-folk are passing c ' ^ asked; 

what IS beautiful, and what is not beautiful. 

" Sir what is wrong here? " Muladeva replied The tu^ of the 
SstcU.... 0 .C «ri.S Ml cf Sh. «..od bow be k„e.v, 

"UvisaFidaao," Translatian. p. ». note. ;>peyc, 

Kalhasaritsipira-'’ P- 4 ^ .tarza o lOS. 

w See Meyer'S note on this stanza, p. 95 
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and he said^ he would show her. The lure was handed him, and he 
drew a pebble from the tube, and a hair out of the siring."* Then 
lie pul it in order and began to play, Devadatta and her attendants 
were transported^ A she-etephant nearby wiiich was always in the 
habit of roaring stood still rocking herself, wdth her ears down."*® 
Devadatta and tlie Itite-player in surprise thought: " Verily^ he is 
Vissakanniia (the Creator * in disguise!'^ Then she dismissed the 
lute-player with presents. 

Dinner-time arrived and Devadatta ordered the massagist, so 
that they might both bathe. Muladeva said: Permit me to do your 
anointing.''’*^ Devadatta asked: 'AVhat! do you know this ^0?*' 
and Mnladeva replied: “ I do not know it perfeedy* hut I have stood 
in the presence of them that know-’^ They brought campaka-oil; 
he proceeded to anoint; she was cnchanted« And $h^ thought; 
** What exceeding skill, what unexcelled touch: be must be some 
divine personage in disguise; ordinarily such excellence docs not 
reside in a person of such shape. I must make him disdoise his 
true shape!She fell at his feet, and said:Mohle Sir, your unpar¬ 
alleled virtues of themselves mark you as a superior person. Such 
a one is gracious to those who appeal to him, and anxious lo oblige* 
Show me therefore your true self, my heart longs greatly to see 
you! ” ^Vlieu she kept on importuning, Muladeva, laughing softly, 
removed the magic pill which had changed bimp and assumed his 
true form. He appeared resplendent as the suup like the God of 
Love bcivildering all creatures by his beauty, his body abounding in 

Man'clous skill in delecting flaws in objeclj lhat are fiapjri^sed to be 
perfect, Supparaka-Jataka, fir&i part. Cf. the four wonderful hou^e-servanls 
of King Jitari, Weber^ ^'Handschriften-VerEcidiniii/' Vot p. lofij, botlom; 
or the skill tricks in Pari^islaparvan 170 ff.; Prabandliacintama^ip p. 45. 

** In Kathakoca^ p. 65 occurs a lourtity of lutc-p]ayer$ loir the hand of 
princess GandharvadJitii: ihe music of the first (luiets a mad elephant; that 
of ihe second makes a irce burst into blossom: that oF the third attracts a 
dififant deer; lliat of the Fourth makes an elephant give up ^ Half devoured 
5wect; and^ finalhva fifth soothes the entire assembly to sleep, tn Prabandha- 
dtitamani^ p, 122, ihc tnuskian Sotaka sings so that a dry branch bursts forth 
into buds. In KalbSsarilsagara ti Kinfi Ddayana subdues evermore with his 
lute wild elephants, and taming them'brings them home. 

One of the sixty-four accotuplbhmeots (kala) of the typical man of 
ihe world (n Ay aka), See Schmidt, ^'Beilrlge/' p. 143^ 
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fresh vouth and g^ce. Th. hair on Devadatta's body st^d 
w ilh joy - she again fd 1 at his feet, and said, “ You have shown me 

®'"Thc.rshe anointed him with her own hands, and they both 
bathed and feasted in great state. She had him dressed m a robe 
ftt for a god, and they passed the time in genteel conversation 
Finally she said: “ Noble Sir. excepting yourself, my heart has nev 
inclin^ to any man. As has been truly said: 

“ * Whom mav not one see with one s eyes, and with whom m > 
not one hold conversation? Rare, however, is that quality ,n man 

which arouses joy in the heart/** 

" Therefore, to please me, you must come to t is q 

said: "O thou, that art devoted to virtue, an attach¬ 
ment to such as me, stranger that I am and poor, is not pro^r, 
nor is it likely to endure. As a rule attachments sprmg from 

interest alone. As the poets say/ nn 

‘-Birds abandon a tree whose fruit is gone; cranes a dned-up 

lake • bees a withered flower; and game a burnt forest. 

‘‘‘Courtezans abandon an impoverished man; servants a^ a en 
king. Every person loves from self-interest; no one regards any 

other attachment.’ no 

Devadatta replied; “Own country or strange country 

consequence to noble men.** ITie poet says: 

“‘The moon, though separated from the ocean, 
head of Hara; wheresoever virtuous niep go there they are ^ ^ 
on the head/* Likewise, wealth is of no consequence; noble men do 

^Horripilation in Hindu siorics Ls produced by joy as well as by fear; 
^ lx. l7^^ note, Hus recurs in the 

known author. ;« nutlihcd bv Ircfiuenl expre.-wtons of 

°s'?rSrCcltftt’'roon. whose original home is the ocean, as 
a diadem on his head; s« MT«hakatika tStcnzlcr’s ed.tion), p. ^4. m: 
Sainayam3trl;a 4- ^ 
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not attach much value to it' to virtue alone is their indinatioKL* 
Anent this it is said: 

^ Speech is valued at a thousand ; the rewards of love at a hun¬ 
dred thousand. But the devotion of a noble man e.'tceeds a krore/ 

^'Thereforcp by all means yield to my wishes.” Then he cou- 
sentedj and there sprang up bctw'een them a union of surpassing 
love. 

It came to pass that Devadatta danced before the king, while 
Muladeva beat the drum. The king was delightedf granted her 
a boon, wdiich she laid up in store.*^ But Muladeva was so 
passionately addicted to gambling, that he did not keep even the 
clothes on his back. Devadatta, sweetly spoken, administered a 
friendlv rebuke: “Dearly beloved, the passion of gambling in thee* 
that an the resort of all virtues, is a blemish, like the figure of tlie 
gazelle on the full-moon/* Gambling^ as the poet says, is the 
foundation of eveiy^ sin 

“Gambling disgraces the family; Is the enemy of truth; brings 
shame and grief upon parents and teacher* It destroys piety^ and 
wastes property. Jt precludes liberality to others and own enjoy¬ 
ment; it steals from child and wife^ from father and mother* O 
beloved do not adhere to this vice which makes forget God and 
teacher, and right and WTong; vvhich ruins the body and leads to belli 

“ Aye, by all means desist from this vice 1 “ But Muladeva could 
not control his exceeding passion. 

Now there w^as a rich son of a merchant^ Ayala by name^ who 
had a host of friends, and was deeply smitten with Devadatta. He 
gave her whatever she asked; sent her clothes, jewelSn and other 
presents. He bore Muladeva a grudge, and sought out hJs vulnerable 
points. Muladeva regarded Ayala with suspicion^ and did not come 
to the house, unless there was some special occasion. Now E>eva- 
datta's said to her: “My child, drop Muladeva I You 

*^Thi5 ptKtice is referred to quite frequently; KaLti^ko^a, p. 4S; Pra- 
bandhaeifitam^n^ p. 7^; Jatakas, VoL p, 24, 

Hindus fancy etSiier a ifazelle Or a hare ]n the mDcm. 

** Cf. the reflections on gamhling in the g^ainbleTs' stories^ Katha- 
saritsigara 

“This is sometimes the real mather of the het^cra, but, 

generally speaking, tathcr a hired manager. See Dhauamjaya's Da^ariipa a. 
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have no use for this pennile&s gpllant, whereas Ayala is a stupendous 
giver who keeps on sending much wealth; attach yourself to him with 
all your soulf Two swords do not go into one scabbard, and one 
docs not polish a non-precious stone.Therefore drop this gam¬ 
bler! " Devadatta answered her: “ I am not, my mother, bent upon 
monev alone l to noble (juzlitics rather is my i nclination. Her 
mother asked of what sort were the noble quaUties of that gambler, 
and Devadatta retorted: ‘"Mama, he is altogether made up of 
virtues: 

“ He is wise, of noble soul, a very ocean of kindliness; skilled in 
the arts, pleasant of speech, grateful, devoted to virtue, and of 
discerning mind; therefore I shall not give him upt ” 

Then the motlier started to convert her hy means of sundry- 
symbols: when Devadatta asked for red lac she gave it her dry; 
when she asked for sugar-cane she gave it her squeezed; when she 
asked for flowers she gave her mere stems.^^ And when pressed to 
explain, she said: “Of such sort is that most beloved of thine, and 
yet you will not give him But Devadatta thought that the 

mother was foolish in offering such iElusi rat ions. 

(By way of countef-illustration) Devadatta tlicn said to her 
mother: “Mama, ask Ayala for sugar-cane!’* She spoke to him, 
whereupon he sent a cart-load. Devadatta burst out: “’^Vliat, am I 
a she-elephant, to have sent me such a load of cane vvitli leaves 
and brandies The mother pointed out that he must surely be 
liberal to have sent in this wise. (Of course) Ayala bad figured 
that Devadatta would share vvith odiers. Next day Devadatta said 
to ifahavi: “My dear, tell Muladeva, Devadatta has a craving for 
sugar^ therefore jf^nd her some!” She went and told him. Now 

20j Samayltnilrki J, 40 ft.; and especially 4 - 9 E- The Mama^s ^eed for 
money Comes out, ibid., 4- Sb; her hostility 10 poor lovers of her charge, 

ibid.r Sr ff. 

The teiiiieriiig of tlie second of these proverbs is not quite certain. 

These tbree symbols state technically bow a betsera sbould estimaCc 
her lover In dollars and cents. They appear to be borrowed directly from 
Samayamatrka 5. “Si “After she (ihe hetxra) has sucked hira (tbe lover) 
drj\ and bis serviccablcness is at an end, she should throw him off like a 
squeezed stick of siigar-canc; for a withered flower difibgures the place where 
it has been put^ arid is removed from ibe braid of ba|r.^ 

PILOC, Pint. Uli 212 W, r-AfXTEO DCC^ lO* 
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Mubdeva took tivo sticks of canei cut them into blocks two inches 
in lengthy sprinkled them with a mixture of four spices,^* made them 
fragrant a bit with camphor^ and split tliem slightly at both ends. 
Then he took some fresh jessamine^ covered the cane with it, packed 
it and sent it ofF.“ Mahavl went and delivered itj then Dcvadatta 
slioived it to the mother, saj-ing: '^Regard, Mama, the difference 
betiiveen men: this is why I am taken with these his qualities.''* 

The mother concluded that Dcvadatta was hopelessly infatuated; 
tiiat she would not of her own accord let go of Muladeva i and tha^ 
therefore, she herself must find a way by which that gallant might 
be driven oat: then ail would be well. So, after reflection, she said 
to Ayala: ^'Pretend to her that you are going to another town. 
Then, when Muladeva has come, do you arrive with a retinue and 
shame him in such a way that he will leave the place in disgrace. 
Then you two will be united. I shall furnish you the needed in¬ 
formation.*' He agreed, and on the next day did just as he had 
been told. He went off, pretenditig that he was going to another 
town. Muladeva came; Ayala was informed by the mother, and 
arrived with a large retinue. 

De^^datta saw' Ayala coming, and said to Muladeva: Such and 
such is the situation; mother has accepted money sent by him. Do 
you therefore for a while hide under the couch.'' He did so* but 
Ayala spied him, seated himself upon the conch, and told Devadatta 
to get ready all the belongings of a bath, Devadatta agreed and 
told him to get up and put on a robe, in order to be anointedA^ Then 
Ayala said: I saw tc^day in a <lrcatn, that I would be dressed, 
anointed, and bathed here upon this couch; make then my dream 
come true."’ Devadatta asked whether he wished to spoil all the 
valuable belongings, such as coverlets and pillows, but he replied that 
he would give her others, more sumptuous. The Mama agreed with 
this; Ayala was anointed, massaged, and washed with warm bath- 

** C^urjata; ef. Schmidt; " zut Indiiched Erotik" p. Sja 

Cf. perhaps the ga.nir$ called ik^uhhanjika breakb^ of Bugar-cane," 
and navck^ubhak&ika " Iea$titig on fresh suBar^rane,^ menLiaried in Schmidt, 
BcitriBc zur Indischm Ercrtik,"' p. 196. Thty belong lt> the aceomplkhments 
of the tiSyaka, or "elegant-'' 

'5^= Cf. the dripping veiltue after a bsith of the heroine in KarpuramanjarT ' 
i 7:j ; and sce Meyer's note on this Pkissage, p. 
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me water right there on the couch, so that Muladeva, who lay un¬ 
derneath, was drenched with it. Then Ayala’s men entered, armed, 
and the mother gave the signal. Ayala seized Muladeva by the hair, 
and said to him: “Ho there 1 sec now if you fitid any one to protect 
you! ” Muladeva looked about him, and perceived dial he was sur¬ 
rounded by men with sharp swords in their hands. Then he re¬ 
flected: “I cannot get away from them, hut I must live to retaliate 
for their enmiti'. Now 1 am unarmed, so this is not the time for 
heroic deeds.” Then he said to Ayala: "Do what you please! 

Ayala observed that Muladeva by his very carriage showed him¬ 
self to be a person of distinction, and reflected that great men in 
the course of the revolving cycle of existences easily get into mis¬ 
fortune, As the poet says: t. - 

“ Who in this world is always lucky, who can rely upon Fortune s 

favors? Who does not on occasion take a fall, aye, who is not 

crushed bv fate?” . 

Then he said to Muladeva: “Tho you have come tg such a 
pass, do you now go free, and, if ever, by the might of fate, I should 
come to grief, treat me just as 1 have treated you! 

Then Muladeva went from the city disspirited and sad, brooding: 
“ See how I have been tricked by this man.” He first bathed in a 
clear pood, and then decided to travel to a distant land, there to 
devise some scheme of Tctaliation.“ He set out toward Bennaya a. 
After passing many villages and towns he came to the edge o a 
forest twelve leagues in length. It occurred to him that i le cou^ 
meet Some other person traveling in the same direction, so that he 
might at least have some one to talk to, then the journey through 
might be quite pleasant. After a while there approached a Dhakka- 
Brahman" of distinguished appearance, equipped with a sack of 


•• A soft of “ Live to fiaht aoolher day." See the proverbial statement 

to Pisdiel "Cra^aiik der Pfikrit-Spradicn.'' f 35. » dialect called DhakW 
p Pis^el, U -Kcmd act of tlie Mrccliakatiki. SanskrU 

i, ,S«bl, ,h. «orii =1, Slhwl* lb. •>< . .iw™. 
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provisions. ^luladcva ^sked ^ Reverend Sir, have you far to go? " 
He replied: “There is beyond the forc$t a place called \^rafiihana' 
there is where 1 am going. And where may you be bound for?"' 
MuUdeva said that he w as going to Bennayada, and the Doctor then 
proposed that they should travel together. The two of them started, 
and, as diey marched along, they saw at noon-time a clear pooL The 
Dhakka proposed that they should rest a while^ whereupon they went 
to tile ivatcr and washed their hands and feet. Miiladeva sat down in 

Cuka£;iptati 7. The words most frequentb' imply stinglncsf. ^rahralli 
thaka, according to Yule, ^^Dtclionarj^ 01 Anglo-Judian Tcrm^," b ihe name 
in thal language of the notoiions guild of the Thugs (see under that word), 
and It seems to me likely lhat we have in all these words the precursors 
In Hindu lileraturc of the Thugs, or Phansigars^ even tJiough stinginess and 
ropery, rather than nnirdcTOUsutys, are their chari^eristics in the literary 
ddctiuieni^ referred tO- According to Hijrtilc, UvS^ag^tdaaip." Appendix is* 
TtdlcSv Pali cora-gbitjika, German Raubmorder;* 15 the equivalent of modem 
shag. I add here the curiously parallel Takkn-ancedotc from Kath.i5ianl&agara 
65, 140 ff,; "'There lived somewhere a rich hut foolish Takka who was a 
miser. He and his wife w'ere atwayj eating barley-grits without salt^ and he 
never learned the taste of any other food. Once die Creator moved him to 
say to his wife : M have conceived a desire for a tniik-pudding; cook me one 
today/ Has wife agreed, and proceeded to cook the pudding, while the Takka 
remained indoorSj concealed in bed* for fear some one should ice him* and 
drop an on him a$ a gucit* In the lucautime a friend of his, a Takka who wit 
fond of miBehicfr came there, and asked his wife where her husband was. 
And hct 1 yl«g on I he bed, said to her: ^Sit dow^n herc^ and rctnain weeping 
and clinging to my feet, and say tq my friend : “ My husband is dead.*' When 
he is gone we will comfortably consume this pudding.^ After he had told her 
this she began to cry, and the friend came in and asked her what was the 
maitcT. She said to him: ' Look my husband is dead/ But he reflected: ' 1 
saw her a moment ago happy enough, cooking a puddings bow comes it that 
her husband is now dead, tho he has had 00 illness? No doubt the two ha%"e 
arranged this trick, because ih^ saw that t had come as a guest. So I will 
not go/ Tliercupon the mischievous fellpw sat down and began crying otJt+ 
^■Mas, my friemlt Alas, my friend!* Then his rebitions came in and pre¬ 
pared to take that silly Takka to the buming-plaee, for he still continued to 
counterfeit death. But his wife came to him and whispered in his earj 'Jump 
up, before these relation lake you off to the pyre and bam you.* The foolish 
man answered hU wife in a whimper: ' No! that will never do, for this cunning 
Takka wishes to cat my puddinE/^ The story goes on to tell that the slini^ 
Takka Rctualiy allowed himself Jo be burned, sacrificing hfs life in order 
to Save his pudding. The story does not, aa far as 1 can sec, occur in the 
two sister-texta of the Kathisadts^ara^ namely, BrhalkathATnatijarl and 
BrhalkaThiclokasaUigruhn. 
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th. .hade of a tree on the bank. The Dhakka loosened his provision- 
sack, pnt grits into a dish, moistened them with water, and fell to 
eating. Mutadeva thought: “This is just what you m.ghte^pert 
from the Brahman gang, to be given over to feeding; doubtless he 
will offer me some later on.” Bat the Doctor, after having eaten, 
tied up his knapsack, and proceeded on his way. Wuladeva fol owe . 
hoping that he would give him something in the evening. \ et m the 
evening he ate in exactly the same way, and did not give him any¬ 
thing, JIuladeva proceeded, hoping that he would give him some¬ 
thing in tlie morning. Night overtook them as they traveled; they 
stepped from the road, and slept under a banyan-tree. At daybreak 
they set out stgain; at noon they halted after the same fashion, but 
the Dhakka ate just as before, giving him notliing. On the third 
day Miiladeva thought that, now that the forest was almost crossed, 
he would snrelv on tliis day give him somcthii^. Yet even then he 
did not give him anything. They crossed the forest, and their roads 
parted The Doctor said: “ Sir, this is your road, and this is mine: 
depart'you therefore by this.” Mutadeva saidReverend Doctor, 

I have traveled with your assistance. My name is Muladcva: if my 
affairs should ever prosper, then you must visit me in Bennaya^. 
What now might your name be?" The Dhakka said: Saddha a, 
but people also know me by the nick-name Nigghinasamma."” The 
Doctor then started for his village; Mutadeva proceeded to 
Beiinayad^- 

After a while he perceived a house which he entered for alma, 
After that he tramped through the entire village, obtaining some len¬ 
tils, but nothing else. Then he started toward a pool. There shortly 
he perceived a mighty ascetic of great majesty, his body lean from 
abstinence, who was entering (the village) to break a month's f^t. 
WTign Muladeva saw him the hair on his body stood erect with joy, 
as he thought, " Oh, I am in luck, my fortune is made, since this 

•.A Brahmu without grc*d is hard to find, a^eordins to Harsaearits 
6 (Bombay edition, 1897, t-- l8l) t cf. Weber. Indischg Slud.eii X,, 61. ^ 

»• Saddha^a seems to mean, ironiealiy, somelhin? like Pious Giver , 
Nirehitjasamma, somelhinj like “Devotee of Pitilessnes*. 
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mighty ascetic has at this jiincturt comtf withid the path of my 
sight For I shall certainly come into fortune! 

As the wish-tree m the Maruttliali-dcscrt^ as a shower of gold 
in a poor man's hoiise^ as a royal elephant in tlie house of a Pariah^ 
thus here is this great-souled saint. 

^'Purified by insight and knowledge; intent upon the five great 
tows; wise; endowed with patience^ gentlenessp and rectitude; Intent 
upon salvation; devoted to study, meditation, and self-mortification; 
pure in thought; engrossed with the five-fold 5ainiti-virtues> and the 
three-fold gupti-resfcraints; without ivordly goods; free from the 
attachments of house-holders—this noble person is a Sahu (Saint). 

" Such a person is a fruitful field, irrigated by the water of holy 
thought: wealth depo$ited in it as grain yields endless crops both 
here and in the other w'orld. 

"f must not therefore hesitate: I shall offer him these lentils. 
Since the village Is stLng>^ this noble Sihu, after having visited some 
houses, will come hack here. But I shall make tw o or three trips, so 
as to get more; there is also another vilbge nearby + Then 1 shall 
give him all 1 have gathered." 

Thereupon, with reverent gestures, he offered his lentils to the 
Saint. The Sabu^ observing the perfection of his obeisance, under¬ 
standing the purc-mindedness of this gift of his possessions, said: 
" O thou who art devoted to piety, let me take a little/' and held out 
his bowl. Muladeva’s zeal Increased as he gave, and the Sahn 
chanted in metre (the following half of a stanza) : Verily, fortu¬ 
nate are the men whose lentils serve for the Sahu's break of fasti” 
Then a divinity in heaven, devoted to the Saint, pleaded with Mula- 
deva^s piety, called out: son Muladeva, thou hast done well! 

Therefore, in the second half of this stanza (recited by the Saint) ^ 
ask what thou w^ishest: I shall grant aU I" Muladeva chanted : ** The 
courtezan Devadatta, a thousand elephants, and a kingdom! ” The 
divinity responded: My son, live without care. Very shortly thou 
sbalsl obtain all this by the might of the sage's feet/'®* Muladeva 
said: blessed divinity, thug be it!'^ Tlicn he bade farewell and 

In PrabandhaciTitamanl (Tawncy'a. translation), p. 15, Kin^ Ciilavlhana 
owes Ills exalted stntiori to the favtsf an ascetic, to wtium he, a poor 
Carrier of wood, had graven his barley-mcal in order I hat he might break a 
month** fast 
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reamed (to the village). The Saint went to a grove. Mubdeva 
begged alms for the last time, ate and started for Bennayada, where 

he arrived in due course. . , , - a 

By night he slept outside in the travelers hospice, and n the 

to Lcihad a toam: The moon «,h fall d„c, to brdtoee 
nndimmcd, entered into his body. Another tramped the very ^ 
dnam which he told to the rest of the tramps 
“You will toJay get » tremcndoosly big cake foil ol g 
sugar!" But Mfiladeva did not teU his dream, thinking that they 
knew not its true meaning- The tramp slarted oaHor “I™. “ ^ 
from a honse-wif. sneh a tad., as had been desenbed and joyously 

told the other tramps. Mhladeva went to ''j'" ^ 

made friotds with a wreath-maker by belpmg him gather flowers. 

The gardener gave him some flowers and fruits. These he took, and, 

“Imfd himself, went to dte hnase of ao 

dreams. He paid his respects, and inquired about Ins prospejit) _ 

hcald,. Tl,e teacher in turn addressed him polite^, and inquired 

after his coticcms. Muladcva, with folded hands ^ * 

dream, whereupon the teacher exclaimed joyously t 

your dream in an auspicious hourj .n the 

guest.” Muladeva accepted, bathed, and 

Siner the teacher said: ”I have here a ^-ely daughter out f 
regard for me do you marry* her.- Muladeva said^ Fai^r _ 
vo« make one whose family and character you ^ 

'son-in-law?” The teacher replied. '^My son, behavio of it«lf 
a manb family, even when he has not made mention of it. 

Bet atSr declares one's family. sp«ch 
tion 1^3-e 1 and personal appearance the food one subsists on. 

"Necessary to impart smell to the lotus, or sweet to sug^r^ or 
to teach sport to noble elephants, or refinement to them tha ave 

sprung from a good family”?" And again: 

upon th. bms, and good maimers upon them that are 

sprung (rom noble 
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If virttie present, what matters family? The virtuous have 
no need of family; but a yet more grievous stain on the vicious is 
the very stainkssness of their family-'' 

By such and the like saws he was induced to consent and marry 
her in an auspicious hour- Then he w as told the purport of the 
dream, namely^ that he should be king within seven days." When 
he heard that he was rejoiced^ and stayed there happily. On the 
fifth day he went outside the ci^ and sat down in the shade of a 
campaka-lrce. 

At that time the king of the city died wkliout leaving a son. Then 
the five royal emblems (magic electors of a king) w^ere consecrated.^ 
After roaming ab^ut within the city they went outside^ and came 
upon ^luladcva. He was discovered sitting in shade that did not 
sbift.*^ On beholding him the elephant roared; the steed neighed; the 
water-pitcher sprinkled; the chowries fanned; and the sun-shade“ 
stood over -Muladeva. Thereupon the people shouted “Hail, HaiL” 
Tlie elephant lifted him upon his back; he was conducted into the 

^ In 8. 231,a prean^nt woman desires to drink the moon; 

it is a Sigtii that her son wHl become kin^. The sig:ht of the motm in a dream 
secures so Madanareh.! an iinperi^I son, in the story of Namin Jacobi's 
" Ausgcwahllc Er^ihlungeii;* p. 41, L 23 Kathakocap p. 15. There are 
many other dreams and signs of future royally: In Parigi^taparvan &. 233, 
the son of a courtezan by a barber dreams that Fltaliputra is surrounded by 
his entrails, w-^hcreupon he becomes king ol that dly. In Jagaddeva's 
Svapnacintaniani, 1. 62, wt have: He who surrounds in bis dream a dly ot 
village with his entrails as a magic instrument, becomes prince in the city, 
ruler of a province in the village.*' {ffalf a doKcn parallel verses from other 
texts are quoted by von Ncffelein> the editor of this last lextr) To be bom 
with teeth is a sign of fuiure kingship, Farici^taparvan 8. tq6. In Frabandha- 
cintintani, p, go, a three-year old piincc seats himself upon the throne, and is 
immediately crowned king. In the same text, p. ii^p a king washes the feet 
of a hermiti and recognizes by the upw^ard lines on ibcni and other signs, that 
the hermit is worthy of a itirone. 

** On this curious^ widely prevalent magk praclice see now Edgerton's 
paperp JAOS. xxxiih isSff. The list of these five magic electors follows three 
lines below. 

*® This is a sign of the temporal or ipiritual superiority of the person 
sitting in the shade. Meyer, p. aia, cites several instances from Hindu litera¬ 
ture and elsewherep to which add Frabandhacintamani, p, 16: Katbakoca, pr 97 > 
pnnijarilcaih sham chatiram: K^emendra's Lokapraka^ i, 13 (" In- 
dischc Studica,” XVJll. 327 ). 
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dty, and consecrated king by ministers and vassals. The divinity 
then appeared on the firmament of the heavens, and proclaimed: 

“ Behold, behold, this is t!ie puissant king Vikkama, expert in all arts; 
his body is permeated with divinity -1 Therefore, him that does not do 
his bidding I shall not spare " Then the entire retinue of vassals, 
ministers, chaplains, and others became submissive to his commands. 
Miiladeva lived in the enjoyment of refined pleasures of tlie senses* 
Shortly he entered into relations with Viyaradhavala, tlie king of 
UjjenT, and they became united in dose mutual friendship. 

mile this was going on Devadatta. after she had witnessed Mula- 
deva’s humiliation, became exceedingly wrotli against Ayala, She 
upbraided himSee here, I am a courtezan, and not your w-edded 
wife," and yet you behave thus in my house: now you need not 
trouble yourself about me any further!Then she went before the 
king fell at his feet, and said: "Grant me the favor of that gift 
(which I have reserved for myself) I"" The king said: "Speak 
out, the favor Is already thine; what more have you to say ? ” Deva- 
dalti said: " Your Jlajcaty, I desire that no man other than Mula- 
dftva be bidden to me, and that Ayala be forbidden to come to my 
house.” The king said: " It shall be as you please, but tell me now, 
what is this affair of yours?” Tlten Mahavt staled the case. The 
king became incensed against Ayala, and said. How- no\%, in this 
niy city arc these two jewels, and even these this fellow does rnal- 
treat! ” He had him brought up and beaten; then lie said to him: 
" Sirrah, are you king here, that you demean yourself thus? 
fore do you now seek protection, else I shall hold your life forfeit! 
Devadatti said: "lly lord, what purpose is served by killing him, 
dog as he is in the main:" let him go!" ITie king said: "Sirrah, 
I am going now to release you on the word of this noble woman, but 


«■ 5« the story, Kaihakoca, l8?. of ih* l«P" husband, us illustrating 
bv an extreme example the devotion of a wife In DacakumiracarUa 6 
(Vlitrsgiipta's third story) we read: "Husbands are the only d.vrn.iies o£ 
wives, especially of wives of good family." In Kathasantsa^ra 13 . end 1 
"Thus, 0 queen, women oI good family, ever worship their husbands with 
cliaste and resolute behavr&r. 


** Sec abovCs P- ^3^- 

«Or, ^dog-fooV* aa he is. Ip Kalhasanlsastira i5 a 
OP the forehead $s a sijin disgipce. 


do&-foot la branded 
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you shall obtain full pardon only when you have produced Mtiladeva 
himself/^ Ayala fell at his feet and went out of the palace^ He 
began to search in every direction^ but even so he did not find him. 
Then on the full-moon of this very' month^* he loaded ships with 
wares and started for Persia^ 

In llic meantime Muladeva sent a letter and presents to Deva- 
datta and to king Viyaradbavala. To the king he wrote: am 

greatly attached to this Devadatta; therefore^ if it so pleases her, 
and if it is agreeable to you^ kindly send her to meJ' The king said 
to his royal wardens: “ I say^ vk^hy has king Vikkama sent such a 
letter; is there any difference between him and me? Even this my 
entire kingdom belongs to himp how much more Devadatta i let her, 
however^ state her own wishes! ** Devadatta was called; the matter 
w^as explained to her, and she was permitted^ if she so liked^ to go 
to him. She said: '' It is very graeious of you to permit me my 
heart’s desire,” Then the king honored her with presents of great 
valuct and she was dispatched to iluladeva who received her in 
greatest state. They ruled the kingdom in common, and Muladeva 
lived with her, enjoying his love, hut even more engrossed with 
building Jina temples and images* and doing honor to the Saints. 

Novr Ayala, w^ho, in the course of his tour through Persia, had 
amassed great iveakh and choice wares, arrived at Bcnnayaija^ camp¬ 
ing without the city. He asked the people the name of the king 
there, and was told, king Vikkama, Then he filled a dish with coined 
and uncoined gold and pearls, and went on a visit to the king The 
king had a seat offered him; as soon as he wa$ seated he recog¬ 
nized Ayala, hut Ayala did not recognize the king. The king asked; 
'"WTicncc has the mercliant corned” And Ayala said, from Persia, 
On being honored by the king Ayala proposed: "Your majestyj 
send some inspector to appraise my wares,*^ Whereupon the king 
said that he would go in person. The king went with a revenue 
officeCp^^ and was shown the wares on the ships, consisting of mother- 
of-pearl, betelp sandal-woodj aloes, madder^ and so on. In the 

ceva Thus Jacobfs unEcrtaiTi conjecture; Meyer, p, 315, 

note, ”oTic account of this very deficiency.He does not ^tate his atithority. 

pancaula — Ski, paficakula: see Prabandhacirianiaei, pp, note, and 
84. and EipeciaUy p, asoB, 
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presence of the appraiser the king asked: “ Look here, Mr. Mer¬ 
chant, is this the extent of >'our property?" Ayala answered: 
“ Your majesty, tt amounts to just so much.*’ The king tiien 
ordered* " Make the merchant give half, but weigh in my presence! 
The goods were weighed in bulk. By noticing their {unexpected) 
weight, by pnshing against them with the feet, and by poking into 
them with a spike, valuables were found hidden within the madder- 
and the other bales. The king had the bales ripped open; a careful 
search revealed just where was the gold and the silver, and where 
the many other precious wares, such as crystals, pearls, and corals. 
The king, In auger, ordered his attendants: " Zouuds. chain *is con¬ 
victed thief!" They chained Ayala, his heart beating. The king 
committed him to the hands of the guards, and returned to the 


The chief of the guards led him into the kmg s presence. And 
when the king saw him securely bound, he ordered bis immediate 
release. Then he asked Ayala: “ Do you know me?" -Ayala said: 

'* Who should not know the great princes that are famed over the 
whole earth?" The king said: 'A truce to your flattery; say 
straightforth whether you know me!" Then Ayala said: "Your 
Majesty, 1 do not know you at all." Thereupon the king had Deva- 
ilatta called; she appeared like a lovely Apsaras, wearing jewels on 
all her limbs. Ayala recognized her, and was mightily ashamed m 
his soul. And she said: " Behold this is that Muladeva to whom you 
said at that time: ’ Sliow thou courtesy to me also, if ever, by the 
might of fate, 1 should come to grief!* There lies your chance: 
now that you have gotten into danger to property and life, you are 
freed by the king who is kind to tlie humble and afflicted! Upon 
hearing this he said, abashed in his soul: “Your mercy is great I 
He fell at the feet of the king and of Devadatta, Then he addressed 
himself to the king: " I did at tliat time obscure Your ifajesty who 
makes all people happy, who is adorned with every accomplishment. 


*» A curicus parallel to this touch in the story ocoirs in P^aodha- 
11 lOv A younff merchani "bought some sacks ot madder, and, 
when he canie to sell them, he saw some spOMs of gold that had hidden 
in them by merchants for fear of thieves." This text is acquainted with the 
Unaradbyayana literature in general; see p. sB. 
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jun^s obscures Ibe ftil-tnocm, spotless by nature t may Your 

Majesty pardon me that! Moreover, the king of UjjenT^ angry 
because I have abused you^ does not allow me to enter that ciiy.” 
The king said: “You are already pardoned by the mercy of the 
queen/' Ayala with great devotion again fell at their feet. Deva- 
datta had him bathed and dressed in a robe of price, and die king 
remitted his duties. He was sent to Ujjeni, and Vij^radhavala^ at 
the request of Muladeva, pardoned him, 

Nigghinasamma, too, having heard that Muladeva had entered 
upon his kingdom, came to Eenmyada, and obtained an audience. 
The king, in a spirit of piety, presented him wdth tlie village he 
came from. He bow'ed in gratitude for the great favor and returned 
to the village. 

At this lime the tramp heard dial iMubdeva had seen the same 
dream as himself, but that he had become king in consequence of 
his ardent desire. Now he thought! I shah go where there is milk 
to be gotten. That I shall drink and sleep until I shall again see that 
dream.”—Aa to whether he shall see it no man repoiteth* 

"•The demon of eclipse. 

JoaNs Hopkiks UMviasm^ 
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OBITUARY NOTICES 
MEMBERS DECEASED. 




WILLIAM WATSON GOODWIN. 


(Rtad Janmry JpJj:.) 

Williani W'atson Good^vin, a member of the Americaa Philo¬ 
sophical Society since 18951 was born May 9^ iB3r^ at Concord^ 
Ma&s.* and died June 15, 1912, at Cambridge* For fifty-si^x years 
he stcKid in some official cojuiectioji with Harvard College, A grad¬ 
uate of the class of i&SL he was tutor in Greek and Latin from 1S56 
to 1S57, tutor in Greek from 1857 to 1860, from 1S60 to 1901 Eliot 
professor of Greek literature, from 1901 to 1912 professor eitier- 
itns^ and from 1903 to 1909 overseer of the u^iver$it5^ Even after 
his resignation of the Eliot professorship m 1901, his zeal did not 
permit him to remain inactive^ and for seven years his colleagues 
gladly accepted his offer to continue his course on Plalo and Aristotle. 

In the history of education in America few men have exceeded 
Goodwin's period of service; and few* have conferred greater dis¬ 
tinction on American scholarship. His life is no exception to the 
rule that the annals of a scholar’s career are short and simple. His 
many years were spent in unremitting and unobtrusive labor for the 
welfare of Harvard in a period fruitful in far-reaching changes, a 
period that witnessed at one end the decline of the old type of Amer¬ 
ican college, and at the other the growth of the American university* 
He was clear-sighted in his judgment and temperate in his reasoning 
alike when he advocated, or when he opposed, the policies that sliaped 
the conduct of Harvard University to its present estate. 

But it is as an Hellenist that his name iviJl live, for directly and 
indirectly as an interpreter of the literature and language of ancient 
Greece, he had a large influence on the temper and conscience of 
classical scholarsliip in the L%itcd States. 

In the middle of the last cent my' our native classical scholarship 
bad scarcely awakened to the possibility of the independence bom of 
orl^nal research. A leisurely interest in the clas$ics as the humani¬ 
ties, a somewhat torpid Ijelief in their effieienc>' as a discipline for all 
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mentd dispositions, which was tempered but rarely by incursions 
into the larger meaning of Hellenic literature, sufficed with but rare 
exceptions for the generation under which Goodwin grew to man¬ 
hood, In the year w'hen, at the age of twenly-miie, he succeeded 
Felton in the Eliot professorship, Goodwin gave evidence with a 
certain brilliant audacity that he severed himself from the past. 
The year i860 may well be taken as the mark of the appearance of 
a new spirit in our classical scholarship. In that year Hadley at 
Yale published his “ Greek Grammar '* based on the work of Georg 
Curtius [ at Harvard, Goodwin brought out the book with which his 
name will be longest associated—the "Syntax of the Moods and 
Tenses of the Creek Verb,” 

I cannot discover that Goodwin liad occupied himself especially 
w'ith the problems of systematic Greek grammar in any of its aspects 
during his residence at the universities of Gottingen, Bonn, and Ber¬ 
lin; but the " Moods and Tenses ” is itself a witness to the quicken¬ 
ing spirit exercised by European masters upon the Ameriean philolo¬ 
gists who, about the middle of the last century', began to cross the 
ocean in search of the inspiration they could not find at home. Yet 
the w'Ofk, alike in its first form and when rewritten and greatly en¬ 
larged thirty years afterwards, oives relatively little to European 
research for its essential distinction. Not that Goodwin was not 
indebted, as he himself gladly acknowledged, to the labors of the 
great Danish scholar Madvig, or that some of his positions had not 
already been occupied by German syntacticians. But at the very 
outset of his career he had learned to think for himself —“ Llbrum 
aperi, ut discas quid alii cogitaverint; librum claude, ut ipse cogites.” 
It was due to his native and trained sense and know'ledge of language 
as the instrument of the most delicate and refined expression that 
he was enabled to safeguard the subject of the modal and temporal 
relations of the Greek verb from the twofold danger that menaced 
It at the time. On the one hand, metaphysical subtlety exercised a 
malign influence in disturbing a dear understanding of the facts 
and their interpretation; on the other hand, comparative grammar, 
a science at that time in its infancy, by the very width of its horizon 
and the insecurity of its basis, tlireatencd to carry back to the primi- 
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live home o» the Arjans many of the problems that pertained in the 
first instance to the history of the Greek langnage on Greek soil. 

It was Goodwin’s clarity of judgment—witli characteristic mod¬ 
esty he called it "‘common sense’—that saw the trutli when the 
Germans had generaJly failed to release themselves from the intri¬ 
cacies of philosophical abstractions; and with equal sagacity and 
discernment he refused to trust himself upon the shifting sands of 
comparative syntax. The metaphysical syntax that held sway when 
Goodwin began his career is a thing of the past; butliistorical syntaJ^ 
both in the wider area of the Indo-European languages and on Greek 
territory, has immeasurably increased its influence as it has steadily 
built upon securer foundations. 

The wonder is that after thirty years the large increments of sci¬ 
ence should have found themselves easily at home and should have 
worked no disturbance to the principles laid down in a book, of 
which its author, in his revision of 1890, said that it had appeared 
“in the enthusiasm of youth as an ephemeral production.". The 
truth is that the “Moods and Tenses" of 1890 is at bottom the 
“ Moods and Tenses” of i860; for, though there was much to add 
to a work designed to fill a larger compass, there was astonishingly 
little to curtail, to modify in important particulars, or to reject out¬ 
right- 1 know of no book of like complexion which possesses the 
quality of prescience in equal degree. The “ .Moods and Tenses 
displays the working of an indei>cndcnt and resourceful thinker, who 
with steadied purpose aimed at presenting the essential facts, freed 
from the entanglements of specious and shifting theories. To its 
judicious presentation of these facts, to its lucidity and precision 
of statement, perhaps even to its very refusal to enter at all pomta 
and at all hazards upon the treacherous ground of al^olute defini¬ 
tion, the book owes its fame as a standard work, still indispensable, 
despite the .snbseqnent mass of treatises, both large and small, that 
traverse the whole or some part of the same field. And it has had 
a wider and more salutary influence than any .American or English 
book in its province for more than half a century. 

Apart from its virtues of lucitlity and orderliness, there are cer¬ 
tain special features of the “Moods and Tenses” that have com- 
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manded mo?rX attention: the distinction between the time of an action 
and the character of an actionp the distinction between absolute and 
relative time, the divisinn of conditional sentences (and in particti' 
lar the treatment of shall and uiti and should and conditlofis, 

which Goodwin discussed at some length in the TrditJflfHoMJ of the 
/imerkoH Phihhgkal Assodolion.yotj (1876), and in the/<3Mrna/ 
of Philology, VoL 8 (1879)), the relation of the optative to the sub¬ 
junctive and other moods, and the origin of the construction of av 
with the subjunctive and the future indicative. 

The author of the " iloods and Tensesp" the doctor irrefragabilis 
of Greek syntaXp would have been the last to claim that he had, with 
Browning's grammarian, settled all of the ** art"^ business."' He had 
not been, like Tom Steady in The Idler,'" “ a vehement asseiTor of 
uncont rover ted truths; and by keeping himself out of the reach of 
contradiction, had acquired all the confidence which the conscious¬ 
ness of irresistible abilities could have given." There is much in 
Greeli syntax that is debatable territory; but whenever Goodwin 
entered that tcrritory^thoiigh he was not a statistician, as the earlier 
great scholars were not—his prevailing soundness of judgment and 
his range of illustration afford the controversialist only rarely the 
luxury of holding a different opinion. 

Goodw in"& “ Greek Grammar” appeared ten years a fter the “ Moods 
and Tenses,*^ and inherited as by right the distinction and the dis^ 
tinctive features of the earlier w^ork. The 'SMoods and Tenses 
appealed to the advanced student and the teacher; the ** GrajTimar"' 
brought before the neophyte the facts of the language in exact and 
clear form; and showed that its author possessed the rare (and often 
underestimated) faculty of making a good elcmcntarj^ book. Only 
he ivho has himself labored to improve on Gckidwin can adequately 
realisic the clarity and compactness of his statements that never err 
through undue emphasis either on logical or on arsthetic relations. 

The ver\' excellence and success of Goodwun's w^ork in the depart¬ 
ment of grammar made the wider public, and to a certain degree 
even the Hellenists of this countryp ignorant of the scope and the 
distinction of his work in other fields. It is an altogether erro¬ 
neous notion that Goodwin was purely a grammarian, honorable as 
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- that title lias been made by many illustrious scholars. The range 
of bis sympathies with Greek literature was indicated early in his 
career. The Greek grammar appeared in 1S7®; *be same year 
was published Goodwin's revision, in five volumes, of the transla¬ 
tion of Plutarch’s “Morals" made by various hands in the seven¬ 
teenth century. Innumerable errors and infelicities of the old trans¬ 
lation were cleared away by Goodwin, whose work was termed a 
“vindication” of Plotarch by Emerson, who contributed an Intro¬ 
duction to the revision. English readers who would acquaint them¬ 
selves with the deep and broad humanity of the sage of Chafronea, 
in whom the intellect was illuminated by the force of morals, will 
long continue to use the translation of the Cambridge scholar. 

\Vith Greek philosophy Goodwin never claimed the intimate 
acquaintance of the professional philosopiier. The temper of his 
mind was not metaphysical. Yet he had a large knowledge of tlie 
great ethical books of Greek literahire, and years of close study 
made him a wdsc and judicious interpreter of the “Republic” of 
Plato and of Aristotle’s “Ethics." To the investigation of the 
history, antiquitieSj and law of ancient Greece he brought a mind' 
keenly observant of the similarities and dififercnccs betiivcen ancient 
and modem times. It is in the interpretation of the masterpiece of 
Greek oratory that the scholar must be able to draw, in well-nigh 
criual measure, upon a sound knowledge of ancient histoiy- and 
ancient law. Good win’s-mastery of this double field appears in his 
editions of Demosthenes’ “On the Crown" (1901) and “Against 
Midias” (1906), He wrote also on “The Relation of the vpoeS/joi 
to the irpv-nu-iw in the Athenian Seiiatc " (Transactions of tbc Ameri¬ 
can Pliihlogical Assochiton, VoL 16, 1S85). and on “The V’aluc of 
the .Attic Talent in Modem Money '* (i?. c. VoL 16). 

It is to he regretted that Goodwin would not allow himself to 
be persuaded to give to the world an edition of ^schylus, to the 
interpretation of whose test he devoted years of profound study. 
He edited the test and prepared a translation of the “Agamemnon,” 
to be used in connection with the public presentation of tltat play by 
the Department of Qassics at Harvard in igo6. Of his critical 
method we have a luminous example in the paper entitled “ On the 
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and Interpreiation of certain passages in tile Agamemnon of 
.tschj-lns ’ (TrawjBfiiffw/ .dwier. Fhihl. A^soc., \'oi. 8, 1877). In 
contronting the great difficulties of the text of .Itschylus, Goodwin 
i%BS invariably hostile to the sciolist who complacently substitutes 
his emendations for the words of the poet. “ Est quaedam etiam 
nesciendi ars et scicntia"—an admonition applied far more rigor¬ 
ously by the American scholar than by its German author. 

In common with many men of his position Goodwin turned at 
times to editorial work of a bumbler character. He reedited Felton’s 
edmons of Isocrates’ “Panegyricus*’ (1863) and the “Birds” 
(iS^) and “Clouds” (1S70) of Aristophanes. One of the most 
excellent books of its kind is the “Greek Reader” f ,877,and in many 
later editions), while his edition of the “Anabasis" (1SS5 ff ) pre- 
pared in conjunction with one of his colleagues, Professor f. W. 
W hite, IS a model for its exact attention to grammatical details. 

wh.« r®, visit Greece as a young man 

hen fresh from his studies m Germany; and it was he who was the 

fir« director of tlie American School of Oassical Studies at Athens 
' ( IS 82 -S 3 L an appropriate honor for the foremost Greek scholar 
« ns tune who was also one of the founders of the American 
^nsti Hte of Archffiology. To his acquaintance with the land of 
Greece, reinforcing his knowledge of Greek literature and history- 
ivc owe the admirable paper on “ The Battle of Salamis,” first pub^ 
hshed m 1885 and m another form in 1906.* Goodwin’s careful sift¬ 
ing of the evidence determined the several localities in question and 
com mcing y described the dispositions and movements of the Greek 
and barbarian forces in connection with that memorable contest. 
His interest in the land of Greece was fittingly signalized bv his 
being named a knight of the Greek Order of the Redeemer. 

tich are the landmarks in the career of a scholar whose life was 
spent m quiet devotion to high things, a life that made no parade 
lind sought none of the noisy ways of fame. Yet to few Americans 
of our time has been given an ampler measure of the tribute of 
r«ognihon that great powers have been used effectivelv and service- 
ably. Goodwin’s mastery- of Greek syntax enfranchised in Great 
r I tain the Hellenic scholarship of the United States. Tiie " Moods 
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and Tenses"' became there, as ar home, a standard treatise; the 
I&urnol of Phihhgy and Liddell and Scott's Greek Lexicon con- 
tain evidences of his exact Jeaming^ He received the degree of 
LL,D, from Cambridge in 1883, from Edinburgh in 1890, and the 
degree of D.C.L, from Oxford al$o in 1S90. In 1905 Gottingen 
renewed honoris causo the degree of Ph.D. which he had received 
at that University in 1855. At home he received honorary degrees 
from Amherst, Chicago, Columbia, Yale, and Harvard. He enjoyed 
the rare distittction of being twice president of the American Philo¬ 
logical Association (1S71 and 1SS4) j he was vice-pre$ident of the 
Eg)'pl Exploration Fund; for many years he was closely identified 
with the work of the Archseological Institute of America; and he 
held the office of president of the American Academy of Arts and 
Sciences in 1903. He tvas an honorary' member of the Hellenic So¬ 
ciety of London^ of the Philological Society of Cambridge, England, 
of the Hellenic Society of Constantinople, of the Archaeological So¬ 
ciety and Academy of Science at Athens^ and was a foreign member 
of the Imperial German Archaeological Institute. 

Professor Goodwin was not a blind worshipper of the classical 
literature of the ancients; he saw in it, not an agent for the discipline 
of the intellect of all youth, but an instrument, imperative for the 
understanding of the development of European letters, and salu¬ 
tary for those who w^oujd deepen their appreciation of English 
literature. In him the intcHectnal spirit of scientific research jn 
the field of grammar did not blunt the literary and artistic sense, 
which, as has ivell been said, is partly also moral. The old-time 
humanities translated themselves in him into the spirit of just and 
refined living. He did not confine his sympathies to tlic ancient 
w^orld dial was his by the association of daily w^ork; but he realised, 
in the w^ords of Renan, that “progress will eternally consist in de¬ 
veloping what Greece conceived**; and from Greece he gathered, 
what many of the noblest and best have gathered thence* a large 
part of that wisdom of life which is more precfcits and more endur¬ 
ing than mere learning. 


IlERBeftT Weih Smyth, 
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Stated Meet ini; Janitdry /p/i- 

William W. Keex, M,D., LL,D,, President* in the Qiair. 

Thanks were recei^-ed from tltc ^^at1□^wl5senscll3fdid^e Verein 
fiir Sieiermark for the Society's friendly good wishes upon the 
occasion of^ and for the sending of a delegate to, its Semi- 
Centenary. 

Professor Herbert Weir Smyth presented an obituary notice of 
Professor William Watson Goodwin. 

The following papers were read: 

“ The Historic Value of Old Law Books," by Hampton L. Car- 
son, Esq. 

" Place and Personal Names of the Gosiute Indians of Utah*” 
by Ralph V. Chamberlin (introduced by the Bccretaries). 

The Judges of the Annual Election of Officers and Councillors 
held on this day between the hours of two and five in the afternoon, 
reported that the following named members were elected, according 
to the Laws* Regulations and Ordinances of the Society* to be the 
officers for the ensuing year: 

pTcsfdcnt^ 

William W* Keen. 

Vice-Presid ch fJ* 

William B, Scott, 

Albert A. Michelson* 

Edw'ard C. Pickering. 

SecrefarieSj, 

L Minis Hays* 

Arthur W. Good speed* , 

Amos P. Browm* 
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Harr>' F, Kdler. 

Charles U Doolittle, 
William P* Wilsonj ■ 
Leslie W. Miller^ 

TreasMrcr^ 

Henry La Barre Jayne* 
Coundlhrs 

(To serve for three years), 

Charlemagne Tower, 
WUltam Morris Davis, 
George Eller}' Hale* 

R. A. F+ Penrose, Jr. 

(To Jill an nnexpired term), 
Samuel W, Pcnnypacker. 


Staitd M^ding Febrm^ry 7, /pjj, 

WitUAii W. Keen, M,D,, LLD,, President, in the Chair, 

ijt. announced George Augustus Koenig. A,M,. 

Ph.D., at Philadelphia, on January 14, 1913, at. 69- 

Dr. Paul Heyl {introduced by Professor Harry p. Keller) read 

a paper on''Platinum in North Carolina” which was discussed by 
Pfofessor Keller. 


Stated Meeting March 7, /p/j* 

Wii4.fAM W. Keen, M.D,, LL.D., President, b the Chair. 

An invitation was received frwn the President and Executive 
Committee of the Twelfth International Geological Congress, invit¬ 
ing the Society to be represented at the Congress to he held in Canada 
in the mooth of August. 
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Dr. R. M. Pearce (introduced by Dr. W. W. Keen) read a paper 
on " The Gradual Devclopmetit of die Idea of CcUular Structure 
throughout the Animal and Vegetable Kingdom," which vi’as dis¬ 
cussed by Dr, Coplin, Dr. Tyson, Professor Kraemer, Dr. Hawke, 
Dr. Donaldson and Dr, Harshbcrgcr. 

The following Address was adopted: 

To His ExceLtEKCV 

W'OODKOW Wn.SON, 

The American Philosophical Society extends its cordial congratu¬ 
lations to you, as one of its fellow members, upon y'our acce^ion to the 
Presidency of the United States. You carry into public life the ideals of 
the scholar and you will show in the new world, as has been proved so often 
in the old, that scientific training in the best and broadest sense of the tcna, 
1$ a help to the practical statesman. Your studies in history and political 
science will tltuminaie your task of giving to the Nation a wise and strong 

govemment. . , 

It was Montesquieu, the good genius of the makers of our fuaiional 
Constitution, who said that for a safe voyage of the Ship of State the spirit 
of the laws should serve as compass and history should be the chart. This 
Society confidently believes that you have at yiour command this compap 
and this chart; that with your firm hand at the helm the Ship of State will 
safely ride the seas, and that, like those of your distinguished predecessors 
in the Presidency, who were its members, you will help to make the future 
history of the Nation worthy of its past. ^ 

Seven times since the founding of the Republic the .American Fhno- 
sophicat Society has had cause for congratulation in the selection of one of 
its members as President of the United States. Washington, Adams, Jef¬ 
ferson, Madison, the second Adams, Buchanan and Grant were all honored 
names upon its Roll before the popular vole inscribed them in the hst of 
American presidents. To you, the eighth in turn of Its members to enter 
upon this high office, this Society extends its wannest greeting. 

Given under the Seal and in the matne of The .Xmefican Philosophical 
Society held at Philadelphia for Promoting Useful Knowledge, this seventh 
day of March, iglj. 


Stated Meeting April^9^3- 

WiLLl.AM W, Keen, M.D.. LL.D., President, in the Chair. 

The following letter was received from President Wilson in 
response to the address presen led to him by tlie Society on ^ larch 19: 


minutes. 
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Pi 

The Wmot, Houae, 

Waskikotom^ Marcli 19 , igi 3 

My dt-dr Dr. Knur May I not express to you, and through you to the 
niemLet^ of the Atnerisran Philosophical Socict^v niy deep and sincere appred- 
ation of the oordial message hroyghi me trom the Sociely by you and your 
associates this afternoon? Kolhlnp has gratified me mort I do not know 
of any Association whose con^dence I would rather enjoy. It has been a 
matter of peculiar pride to me to be associated witli the American Fbllo^ 
sophical Society', and that that disiin^ishcd body should feel honored by wy 
elevation to the Presidency Is a source of genuine satis faclion to me- 1 can 
only say in reply to their gracious Address that 1 shall hope and strive at all 
times to deserve their respect and ccmfidcnce- 

Cordially and sincerely yourS» 

WooDKow Wilson, 

The decease of the follotving memthers was announced: 

Professor Angelo de Gubernatts, at Rome, on February 27^ 
1913 ; sfL 73. 

John Shaw Billings, LL.D., Dc.L.^ at Kdiv York, on 

March lo, 1913 j Jet. 74. 

Edward Pepperp LL.D*, at Algiers^ on March 23, 1913; «et, 66. 

James McCrea, at Ardmore, Pa., on March 28, 1913; set. 65- 

The folloiGiig papers were read : 

** Illuminants Present and FnhireJ^ by Herbert E. Ives, Ph^D. 
(introduced by Dr, \V. W* Keen)^ w'hich was discussed by 
Professor Ferree. 

“The Fluting and Pitting of Granites in the Tropics,'' by John 
C Branner, Ph.IX LL.D. 

" The True Atomic Weight of Bromine/' by Gustavtis Hinriclis 
{Introduced by Professor Kdler), 

General Meeting Affrit 17 ^ iS, and Jp, Jp/J, 

Thursday^ Affril /y. Opening Sessian^j- a^chek^ 

Wjluam ^V^ Kken, M.D., LL.D.j President^ in the Cliair, 

Professor J. C. Kaptcyn^ elected to membership in 1907, signed 
the roll and was admitted into the Society. 

An invitation was received from the Missouri Botanical Society 
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to be rep resen led at tbe opening of its new hall on May i and 2^ and 
Professor Francis E. Nipher was appointed to represent the Society 
on the occasion. 

The following papers were r^d; 

"^ ^rhe Biographies of Suetoniusby John C. Rolfe. Ph.D.^ Pro¬ 
fessor of the Latin Language and Lherature, University of 
Pennsylvania. 

“The Etymology of the Word ‘III/'' by Hermann ColliUi 
Ph.D., Professor of Germanic Pliilologyp Johns Hopkins 
University, 

The Treaty Obligations of the United States relating to the 
Panama Canal/' by Charlemagne Tower^. A.B., LL.D., Phila¬ 
delphia. 

A Counsel of Perfeciion. A Plan for a State University and 
for an Automatic Collection and Distribution of a State Tax 
for Higher EducatioUp*' by Joseph G. Rosengarten* A.M,, 
LL.D., Philadelphia. Discussed by Dr, Cyrus Adler, 

‘^Reprisals, Contraband and Piracy under Queen Elijsabeth/" 
by Edward P. Cheyney, AM., LL,D.^ Professor of European 
History'p University of Pennsylvania, Discussed by Mr* Har¬ 
rison S- Morris and Mr. Rosengarten. 

“Some Commercial Transactions in Babylonia During the 
Period of Greek Supremacy/' by AlbertT* Clay, A.M.p Ph.D.^ 
La flan Professor of Assyriolc^y and Babylonian Llteraturep 
Vale University* 

“The Historical Value of the Patriarehal NarrativeSp" by 
George A. Barloup A,M.^ PhD.^ Professor of Semitic Lan¬ 
guages, Er>Tt ilawT College. 

**The Succession of Human Types in the Glacial and Inter¬ 
glacial Epochs of the European Pleistocene,” by Henry Fair- 
field Osborn, D.Sc., LL,D., Research Professor of Paleon- 
tologVp Columbia Uuiversityp New York. 

^‘Thc Mora of Bermuda” (illustrated)p by Stewardson Brown, 
Conservator, Botanical Section, Academy of Natural Sciences 
of Philadelphia (introduced by Professor Henry Kraemer), 
New Type of Sewage Disposal Tankt” by William Pitt 
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Mason, M.D., LL.D., Professor of Cheaiistryp Rensselaer 
Polytechnic Institute, Trov% N, Y. 

“Determination of Umnium and Vanadium in Carnotite Ores 
of Colorado/" by Andrew A. Blair^ Philadelphia. 

Friday^ April j 5 . Marurng SciTidon —p.J5 o'ctocL 

\\''iLUAM W. Keen. M.D.. LL.D., Presideut, in the Chair. 

The following papers were read: 

*'The Uses and Needs of Selachology (The Study of Sharks 
and Rays)/' by Burt G. Wilder* M.D.p Emeritus Professor of 
NeurologTi' and Vertebrate Zoology,. Comdl University. 

“Interpretations of Brain Weight” (illustrated), by Henry H. 
Donaldsonp Fli.D.^ D.Sc., Professor of Neurology at The 
Wistar Institute of Anatomy and Biology, Philadelphia. 

^*Thc Correlation of Structural Development and Function in 
the Growth of the Vertebrate Nervous System ” (illustrated) p 
by George E. Coghill, Ph^D^^ Professor of Zoology^ Denison 
University^ GranviUep Ohio (introduced by Dr. H. H. Don¬ 
aldson). 

“The Correlation of Structure and Function in the Develops 
ment of the Nervous System" (illustrated)p by Stewart 
Patott* M,D., Lecturer in Biologyv Princeton University (in¬ 
troduced by Dr* A. C. Abbott). 

” The Relation Betivecn the Physical State of the Brain Cells 
and Brain Function (experimental and clinical),” by George 
W. Crile* M.D., Ph.D.* Professor of Qinicai Surgery^ West¬ 
ern Reserve University, Geveland. Discussed by Professor 
Conklin* Dr* Paton, Dr. Minot and Professor Nipher. 

“Life of Cells Ontside the Organism " (illustrated), by Ross G. 
Harrisoiip M.D*, Ph.D.^ Professor of Comparative Anatomy, 
Yale University (introduced by Dr. A. C. Abbott). Dis¬ 
cussed by Dr. Crilc and Dr* Donaldson. 

“Heredity and Selectioiip*^ by William E. Castle, Ph.D., Pro¬ 
fessor of Zoology , Harvard University. 

“The Nature of Sex and the Method of Its Determination” 
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(illustrated), by Oarence E. McOung, A.M., Ph.D,, PrO’ 
fesBor of Zoology. University of Pennsylvania (introduced 
by Dr. George A. Piersol). Discussed b>' Dr. Minot. 

”Fever; Its Nature and Significance,” by Victor C, Vaughan, 
M.D., LL,D,, Professor of Hygiene and Physiological Chem¬ 
istry.’ University of Michigan. Discussed by Dr. Wilder.^ 

«The Control of Typhoid Fever by Vaccination/’ by Maayck 
P. Ravencl, M.D.. Professor of Bacteriology, University of 
AVtsconsin. 

Afteniooti Scssiati—2 o’ctock, 

William B. Scott. PhD., Sc.D., LLD.. Vicr^President, in the 

Chair, 

The following papers were read; 

'■ Gautctnala and the Highest Native American Civilization,” 
by Ellsworth Huntington, M.A., Ph.D., Assistant Professor 
of Geography. Yale University (introduced by Mr. Henry 
G. Bryant). Discussed by Professor Scott and Mr. Joseph 
Willcox. 

*' Further Considerations on the Origin of the Himalaya Moun¬ 
tains and the Plateau of Tibet,” By T. J. J. See, A.M., Ph.D., 
U. S. Naval Obser^'atorj'p Mare Island, Cal. 

“Dana’s Contribution to Darwin’s Theory of Coral Reefs." by 
William Morris Davis, Sc.D., Ph.D., Sturgis-Hooper Pro¬ 
fessor of Geology. Emeritus, Harvard University. Discussed 
bv Professor Scott, 

“The Formation of Coal Beds,” by John J. Stevenson. A.M., 
I-L.D., Emeritus Professor of Geology. University of lim 
City of New York. 

“Cambrian Fossils from British Columbia” (illustrated), by 
Charles D. Walcott, Ph.D., Sc.D.. LL.D., Secretary of the 
Smithsonian Institution, 

“ The Alleghenian Divide and Its Influence Upon Fresh Water 
Faunas,” by .•\rnold E. Ortmann, Ph.D., Sc.D„ Curator of 
Invertebrate Zoblog}', Carnegie Museum, Pittsburgh. Dis- 
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Cussed by Mr. Joseph Wilkox and Professor W, M. Davis. 

'‘Neutralisation and Elimination of Toxic Substances/’ hy 
Osui'ald Schreiner, Ph.D., Giicf of Division of Soil Fertility 
Investigations, Department of Agriculture, Washington. 
Discussed by Dr. Harshbergcr and Professor Nipher. 

“Progressive Hvolution Among Hybrids of Oenothera’' (illus¬ 
trated), by Bradley M. Davis, A.M,, Ph.D,, Assistant Pro¬ 
fessor of Botany, University of Pennsylvania (introduced by 
Professor John M. Macfarlanc). 

“Climatic Areas of the United States as Related to Plant 
Groivth” (illustrated), by Burton E. Livingston, Ph.D,, Pro¬ 
fessor of Plant Physiology, Johns Hopkins University (in¬ 
troduced by Professor John W. Harshberger). Discussed 
by Dr. Harshbergcr, Professor Scott, and Professor Nipher, 

“The Day of the Last Judgment," by Paul Haupt, Ph,D„ 
LL.D., Professor of Semitic Languages, Johns Hopkins 
University. 

"On the Character and Adventures of Muladora," by Maurice 
Bloomfield, Ph.D., LL,D,, Professor of Sanskrit and Com¬ 
parative Philology', Johns Hopkins University, 

Et/etting Session. 

George Grant MacCurdy, A.lf., Ph.D,, Assistant Professor of 
.Archaeology, Yale University, gave an illustrated lecture on “ The 
Antiquity' of Man in the Light of Recent Discoveries." 

Saturday, April Ip. 

Executive Sessioti —p.jo o’chek. 

WiLUAM \V. Keen, M.D., LL.D., President, in the Chair. 

Pending nominations for membership were read and the Society 
proceeded to an election. 

Secretary Keller and Professor Rolfe served as tellers and re¬ 
ported that the following nominees had been elected to membership : 
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Residents of the United States 

George Francis Atkinson, Ph D., Itliaca, N. Y. 

Qiarles Edwin Bennett, A.B., Litt.D., Itliaca, N* Y. 

John Henry Cams lock, B.S-, Ithaca, N. Y. 

Reginald Aldworth Daly, Boston, Mass. • 

Luther Pfalilcr Eisenhart, Princeton, N. J. 

George W. Goethals, Culebra, Canal Zone. 

William C. Gorgas, M.D., Sc.D,, LL.D., Ancon, Canal Zone. 
Ross G, Harrison, A.B., Ph.D., M.D., New Haven, Conn. 
George Augustus Hulelt, Princeton, N. J» 

Clarence E. McGung, A.M., Ph.D., Swarthmore, Pa. 

John Dyneley Prince, Ph,D., Sterlington, K. Y. 

Samuel Rea, Sc.D,, Brj-n Mawr, Pa. 

Henry Norris Russell, Ph.D., Princeton, N. J. 

Charles Schuchert, New Haven, Conn. 

Witmer Stone, A M., Philadelphia. 

Foreign Residents, 

Sir Arthur John Evans, D.Litt., LL D., F.R,S-, Oxford, Eng. 
Sir Joseph Larmor, D.Sc.. LL.D., F.R.S., Cambridge, Eng. 
.4rtliur Schuster, Sc.D., PluD., F.R.S., Manchester, Eng. 


Morning Session — JO o'clock^ 

Edwaud C. PiCKEEiNG, D.Sc„ LL.D., F.R.S., Vice-President, in 

the Giair. 

Tlic following papers xvere read: 

“ The Potassium, Phosphorus, Nitrogen Cycles,’' by Charles E. 
Munroe, Ph.D., LL.D.. F.C.S., Professor of Chemistry, 
George Washington University, Washington. 

“ 4n .\nimonia System of .Acids, Bases and Salts, by Edward 
C. Franklin, Chief of Division of Giemistry, U. S. Public 
Health and Marine Hospital Service. Discussed by Dr. H. 
C Jones and Professor H. F. Keller. 

" Some Unsolved Problems in Radio-activity ” (illustrated), by 
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William Duane, Ph,D., bte of the Curie Eadiutn Laboratory, 
University of Paris (introduced by Professo-r Arthur W. 
Goodspeed). Disetis^ed by Dr* LL C. Jones, ^Ir. E. C, 
Franklin and Mr. Josepli Willcox. 

“'Some Diffraction Phenomena; Superposed Fringes/* by 
Charles Fh Bmshp Ph,D,^ LL,D,, Cleveland^ O, 

Matter in its Electrically Explosive State/* by Francis Eh 
N ipherj A.M.* LL,D., Professor of Phy$icSp Washington 
University^ SU Louis, 

'^New Investigations of Resonance Spectra/' by Robert WiF 
liams Wood* A.LL.D., Professor of Experimental PhysieSp 
Johns Hopkins University. Discussed by Professor Sclin$tir. 

*' Application of Recem Studies on the Origin of the Earth^s 
Magnetic Field to the Possible Magnetic Fields of Rotating 
Bodies in General*' (illustrated), by Louis A. Bauerp Ph,D*p 
Director of tlie Department of Terrestrial Magnetism of tlie 
Carnegie Institutionp Washington. 

'"The Determination of Visual Stellar Magnitudes by Photog¬ 
raphy/* by Eduard C. PickerEngp D,Sc., LL.D., F,R-S.p Di¬ 
rector of the Harvard College Observatoryp Cambridge. 

" Some Problems in Connection with the Milky Way* as Shown 
by Photographs Made with Portrait LenseSp*" by Edward E. 
Barnard, Sc.D.^ LL.D.p Astronomer of die A^^erkes Observa- 
toiy'p Williams Bay, Wis. 

**The Spectroscopic Detection of the Rotation Period of 
Uranus/* by Pertival Lowellp LL,D.* and V, M. Slipher, 
Fli.D.* of the Lowell Observatory^ Flagstaff, Arizona. 

" On the Spectrum of the Kebula in the PleiadeSp” by V. M- 
Sltpher, Ph.D., of the Lowell Observatory, Flagstaffp Arizona. 
Eclipsing Variable Stars,"* by Henry Korris Russdlp Ph.D.* 
Professor of Astronomy and Director of the Observatory^ 
Princeton University (introduced by Professor William F+ 
Magie). 

" Progress of New Lunar Tables/' by Ernest W. Browm* M,A,* 
Sc.D.p F.R.S-t Professor of MathematieSp A"ale University. 

Dr. John Mason Oarke* elected to membership in 19111 Dr, E. C 
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Franklin, ckcted in 19'*. »"<1 Protesor Hmrj- X’orris Rnsrfi. a 
™s«ly clcttBl member, siibsetibed ihe lawa and reere admitted into 

the Society. 

Aftefnoott Sessi0tt — o'clock. 

EDWtiKD C. PlCKERI^•G, D.Sc., LL.D.. FeR.S., Vice-Presideot, in 

the Oiair. 

A portrait of WitUam W. Keen. M.D.. LL D. President of the 
Society, was presented by Joseph G. Rosengarten, A.M,, LL.D,, on 
behalf of the subscribers. 

Mr. Chairman and Members: 

Oil liehalf of the subscribers, I Vl^vc the honor and privit^e of 
presenting to the Society, the portrait of onr President, Dr. William 
\V. Keen, by Robert Vonnoli. 

Among the one hundred and iwenty-iiinc subsenbers,—a list 
will be handed to the Secretaries for preservation among records, 
will be found the names of many representatives of institutions of 
learning manv men noted in science and letters, who thus tejify 
their grateful sense of Dr. Keen’s great services to the Philosophical 

Society, both as member and as President. 

His portrait is that of the seventeenth President, thus adding 
moTt u> Ihe long »rios thnt adorn this holl. banning -.dl' Ih* 
firs, liroridont, Hopkinson, tollowod b,- Fronkim. Jofferson. IMon- 
bon«', Wisur, Iho two PfKrsons, fatter and son. Tllghman, raap- 
man, die ">0 Baelica, Kane, Wnod, Frale)-. die aeeond Winar, 

Edgar F. Smith, and now Keen. 

This portrait represenU Dr. Keen seated m Franklins c^^ 
and in the cap and gown of the University of St. .Andrews, for both 
Franklin and Keen were the recipients of its Doctor s 

Of Dr. Keen’s distinguished career, it is enough to say that 
graduate of Brown University in i85<>. he is also ® 

£llow as well as the recipient from that Lmivcrsity, and from 
Toronto and Yale and Greifswald and Upsala and St. Andrews, o 
their highest academic honors. 
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His services as a surgeon in the Civil War covered nearly the 
whole period of that struggle. 

His work as a teacher began in tlie Philadelphia School of 
Anatomy in iS66, and ended only when he resigned in 1907, after 
long and brilliant service in Jefferson I\Iedica1 College. 

His contributions to medical and general literature have won for 
him a place among our authors. 

Retired from the active practice of his profession, wilii the gratC’ 
ful acknowledgments and regrets of his collcagnes, his students and 
his patients, he has given time and tliought to his duties as President 
of the American Piiilosophical Society, 

In acknowledgment of his great service in that office, liis fellow 
members, and some not members of the Society, join in presenting 
his portrait to the Philosophical Society that it may take its place on 
the ivalls of tliis Hall, with the long list of the portraits of his 
predecessors. 

By his seiwices to the world and to the Society, he has won the 
affection and esteem typified in the portrait now presented to the 
Society', 

The portrait w'as accepted on behalf of the Society bj' Vice-Presi¬ 
dent Pickering, who said: 

To render a scientific society successful, it is necessary that at 
least tw'o or three of its members .should devote a large part of their 
time and energy to its admini.stration. Even then it is not easv to 
secure an annual meeting which many regard as the most interesting 
01 its kind in the country. While it is eminently fitting that the 
oldest scientiHc society of America should maintain this position, 
those of us who sec something of the management each year, rcaline 
how largely this is due to tlic successful administration of our 
seventeenth President, supported as he is by the unweaTfed efforts 
of other officers of the Society. This painting will always serve as 
a reminder of the able and tactful serv'ices of Dr. Keen. 

Tlie annual meetings arc remarkable not only for the high grade 
of the papers presented but, what is unusual, for their interest to 
specialists in other departments of human knowledge. For this 


J-1 


minutes 


m 

reason, many of iis come hundreds of miles to meet our frflow 
members here. 

By the authority and in the name of the American Philosophiqal 
Society held at Philadelphia for Promoting Useful Knowledge, I 
accept this gift with grateful acknowledgments and the hope that it 
may be many years before we arc obliged to elect the eighteenth 
President of the Society. 

Dr. Arthur Schuster, Dr. Ross G. Harrison and Professor Oar- 
ence E. McGuiig, newly elected members, subscribed the laws and 
were admitted into the Society. 

The following papers were read: 

“ Symposium on Wireless Telegraphy, Radiated and Received 
Energy,'^ by Lewis W. Austin, Ph.D., Head of U. S. Naval 
Radio-Telegraph I-aboratory, Bureau of Standards, Wash¬ 
ington (introduced by Professor Williami F. Magic). 

“Resonance in Radiotelcgraphic Receiving Stations,” by George 
W. Pierce, Pb.D., .Assistant Professor of Physics, Har¬ 

vard University (introduced by Professor Arthur W, Good- 

“ New Form of Resonance Circuits,'’ by Michael I. Pupin, 
Ph.D., Sc.D., Professor of Electro-Mechanics, Columbia 
University, N. V. 

“The International Radiotelcgraphic Conference of London 
and its Work.” by Artliur Gordon Webster, Ph.D., LL.D,, 
Professor of Physics and Director of tlie Physical Labora¬ 
tory, Gark University, Worcester. 


Sidled Afectirtg May /pij. 

William W. Keek, M.D., LL.D„ President, in the Chair. 

Dr. Witmer Stone, a newly elected member, subscribed the laws 

and was admitted into the Society. 

Acknowledgment of election to membership was received from 
George Francis Atkinson, Ph.D., Ithaca, N. \- 
Giarles Edwin Bennett, A.B., Litt.D., Ithaca, N. \. 

Tolin Henry Comstock, B.S,, Ithaca, K. Y. 
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Reginald Aldwonh Daly^ Eostoiit Ma$s. 

Luther Pfaliler Eisenhart, Princeton, K. J. 

George Augustus Hulett, Princeton, N. J. 

John Dyndej' Prince, Ph.D., Sterlington, N. Y. 

Samuel Rea, Sc.D., Erj’n Mawr, Pa, 

Witmer Stone, A.M., Philadelphia. 

Obitnan' notices of Horace Howard Furness, Litt.D., LL.D., by 
Professor F. E. Schelling, Plis E?:celicncy M, Jusserand, Dr, Le- 
Baron Briggs, Dr. Morris Jastrow, Jr., and Mr, Owen Wister were 

read. 

The decease was announced of Lester F. Ward, A.M,, LL.D., at 

Washington, .April i 8 , 1513; »t. 72. 

The application of the cinematograph to studies in biologv' was 
demonstrated by Professor A, W. Goodspeed, Dr. \\. M. L, CbpUn 
and Dr. A. P. Brubaher, and was discussed by Dr. Keen, 


Sialed meeting October j, J'pfj. 

William W. Kekn', M.D., LL.D,, President, in the Chair. 
Letters accepting membership were received from: 

.Sir Joseph Larmor 
Prof. Arthur Schuster 
Prof. Charles Schuchert 
Col. George Goethals 
Dr. William C. Gorgas 
Prof. Reginald A. Daly 
Sir .Arthur John Evans. 

Invitations were received: 

From the Director of the Imperial Botanical Garden of St, Peters¬ 
burg to the Bi-Centennial Jubilee of the foimding of the Garden, on 
June 21-25, 1913. 

From the Directors and Faculty of Ursinus College to the in¬ 
auguration of George Leslie Oniwake, as President, on October 7th. 

From the President, Trustees and Faculty of Princeton Uni¬ 
versity to the dedication of the Graduate College, on October 22d. 
The decease of the following members was announced : 

William Hallock, Ph.D,, at Providence, R, 1 ., on May 20, i9t3, 
at. 56. 
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Rt. Hon. John Lubbock, Lord Avebury, D,CL., LL,D., F.R*S.. 

on May 28. J. 79 ^ Winch- 

Fbilip Lutley Sclaier, JLA,, u.»c., 

firfil Hants Enp*, on June 27 , ^5^3^ t it 

c,».l A.B„ ScD,. a. Phiiadalphta, c„ Ja«a «. 

H«a« jt,w M !>.. Pk-D, « Waffiagfo-d. Pcnaavlvania. oa 

WiBiOT T^hiiiii, at Paris, aa Septaailier **• ®| 

William Armstrong Ingham, C. E., at Fhi a e p la, on 

bar 23, I 9 t 3 p **■' ® 7 * 

The following papers were read: ^ Warren M 

« Factors in the EKchange Value of Meteorites bj Warren . 

Foote. (Introduced by Prof. Harry F. Keller ) 

“The Nomenclature of Minerals,” by Austin v (^efs, 

tfoduced by Prof. John C. Braimer.) 

“The Marine Tertiary Stratigraphy of die North 

of America” by Ralph C. Arnold and Harold Hannibal. 

(Introduced by Prof. John CBranner.) 

“ Llogv of the Region about Natal, Rio grande do No^. 
BraS;' by Olaf Pht Jenkins. (Introduced by Prof. John 

C Branncr.) 

5fahrd flffchnp Noveirtber 7 > 

’ William W. Ke£N', M.D., LT..D.. President, in the Chair. 

The decease was announced of 

lir OTtton. P«.«. K.C.B., »t Wo». «. N<n,imber 

6. 191% ifl cigiitielh yean j 1 

Alfred Russell Wallace, O.M.. LL.D., D.C.L., at Br;>2dstonc 
Wimbomc, Eng., on November ?, 1913, m ninety 

Fro? John M. Macfarlanc read a paper ” On the Phytogeny of 
Plants in Relation to their Environment,” 
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Stated Meeting Decetnber j, ipl^. 

WlUJAM W. KlEEiy, M,D,, LL.D,, Presidenl, in the Chair. 

The decease was annDunced of Sir Hobert Stawell Ball, Kt-, 
M.A., LL,D., F.R.S., at Cambridge, Et^land, on November 26, 
1913, act. 73- 

Dr. Simon Flexner read a paper oa “ Epidemiology of Disease 
witli Special Reference to Infantile Paralysis.” 

The President read his “ Annual Address.” 
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